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DATA SHEET CLASSIFICATIONS 


Product Preview 


This heading on a data sheet indicates that the device is in the 
formative stages or in design (under development). The disclaimer at 
the bottom of the first page reads: “This document contains 
information on a product under development. Motorola reserves the 
right to change or discontinue this product without notice.” 


Advance Information 


This heading on a data sheet indicates that the device is in sampling, 
pre-production, or first production stages. The disclaimer at the 
bottom of the first page reads: “This document contains information 
on a new product. Specifications and information herein are subject 
to change without notice.” 


Fully Released 


A fully released data sheet contains neither a classification heading 
nor a disclaimer at the bottom of the first page. This document 
contains information on a product in full production. Guaranteed limits 
will not be changed without written notice to your Motorola 
Semiconductor Sales Office. 


The data sheets contained in this book were the most current available as of the date 
of publication, December 1993. 


A more current version of data sheets designated Product Preview or Advance 
Information may be available. 
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Suggested References: 
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This databook contains device specifications for Motorola’s ECLinPS advanced ECL logic family. 


ECLinPS (ECL in picoseconds) was developed in response to the need for an even higher performance 
ECL family of standard logic functions, particularly in the Computer, Automated Test, Instrumentation and 
Communications industries. Family general features as well as specific functions were developed in close 
consultation with ECL systems design engineers. 


ECLinPS offers the user a single gate delay of 500ps max., including package delay, and a flip-flop toggle 
frequency of 1100MHz. 


ECLinPS is compatible with two different ECL standards. Each function is available with either MECL 10H 
compatibility (MC10Exxx series) or 100K compatibility (MC 100Exxx series). 


ECLinPS is offered in the 28-lead plastic leaded chip carrier (PLCC), a J-lead surface mount IC package. 
This package was selected for high performance, reduced parasitics and good thermal handling in a low 
cost, standard package, and reflects an industry trend towards surface mount assembly. 


Motorola reserves the right to make changes without further notice to any products herein. Motorola makes 
no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, 
nor does Motorola assume any liability arising out of the application or use of any product or circuit, and specifi- 
cally disclaims any and all liability, including without limitation consequential or incidental damages. “Typical” 
parameters can and do vary in different applications. All operating parameters, including “Typicals” must be 
validated for each customer application by customer’s technical experts. Motorola does not convey any 
license under Its patent rights nor the rights of others. Motorola products are not designed, intended, or autho- 
rized for use as components in systems intended for surgical implant into the body, or other applications 
intended to support or sustain life, or for any other application in which the failure of the Motorola product could 
create a situation where personal injury or death may occur. Should Buyer purchase or use Motorola products 
for any such unintended or unauthorized application, Buyer shall indemnify and hold Motorola and its officers, 
employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and 
expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or 
death associated with such unintended or unauthorized use, even if such claim alleges that Motorola was 
negligent regarding the design or manufacture of the part. Motorola and ® are registered trademarks of 
Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer. 
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This section contains a numerical listing of 
LinPS and ECLinPS Lite family functions, a 
hnical overview of the ECLinPS Lite families as 
1 as an outline of their electrical characteristics. 
addition, this section outlines the procedures 
! philosophies used to AC test the families. 
SIOE/EL series devices are compatible with 
MECL 10H family. MC1O0OE/EL series are 
npatible with 100K ECL.) 
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Numeric Index — ECLinPS Devices 


8-Bit Synch Binary Counter 
Quad 4-Input OR/NOR Gate 
Quint 2-Input AND/NAND Gate 
Quint 2-Input XOR/XNOR Gate 
1:9 Differential Clock Driver 
Quad Drive, Common Enable 
Quint Diff Line Receiver 
9-Bit Buffer 
4-Bit D Flip-Flop 
6-Bit Universal Counter 
8-Bit Ripple Counter 
8-Bit Universal Shift Register 
9-Bit Shift Register 
9-Bit Hold Register 
6-Bit D Latch 
6-Bit D Register 
5-Bit 2:1 Mux Latch 
6-Bit 2:1 Mux Latch 
3-Bit 4:1 Mux Latch 
Quad 2:1 Mux, Separate Selects 
5-Bit 2:1 Multiplexer 
12-Bit Parity Gen/Checker 
2-Bit 8:1 Multiplexer 
16:1 Multiplexer 

*10E version only 





Numeric Index — ECLinPS Lite Devices 


4-Input OR/NOR 

2-Input AND/NAND 

2-Input Differential AND/NAND 
2-!Input XOR/KNOR 

1:2 Differential Fanout Buffer 
Low Impedance Driver 

1:4 Clock Distribution Chip 
Differential Line Receiver 

D Flip-Flop With Set and Reset 
Integrated +2 Divider, Diff Input 
Integrated +4 Divider, Diff Input 
+2, +4, +8 Clock Generation Chip 
JK Flip-Flop 


* Available in 10EL version only. 
+ Available in 100ELT version only. 





SECTION 1 
Numeric Index 


E166 
E167 
E171 
E175 
E193 
E195 
E196 
E197* 
E211 
E212 
E241 
E256 
E336 
E337 
E404 
E416 
E431 
E445 
E446 
E451 
E452 
E457 
E1651* 
E1652* 


EL51 
EL52 
EL57 
EL58 
EL89* 
ELT20 
ELT21 
ELT22 
ELT23+ 
ELT24 
ELT25 
ELT26 
ELT28 
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9-Bit Magnitude Comparator 
6-Bit 2:1 Mux Register 

3-Bit 4:1 Multiplexer 

9-Bit Latch w/ Parity Gen/Checker 
8-Bit EDAC/Parity 
Programmable Delay Chip 
Programmable Delay Chip 

High Speed Data Separator 

1:6 Differential Clock Distribution 
3-Bit Scannable ECL Driver 

8-Bit Scannable Register 

3-Bit 4:1 Mux Latch 

3-Bit Registered Bus Transceiver 
3-Bit Scannable Bus Tracnsceiver 
Quad High Freq Diff AND 

Quint High Freq Line Receiver 
3-Bit Diff Set/Reset Flip-Flop 

1:4 Serial/Parallel Converter 

4:1 Parallel/Serial Converter 
6-Bit D Reg Diff D and Clk 

5-Bit D Reg Diff D Clk andQ 
Triple High Freq Diff 2:1 Mux 
Dual Analog Comparator 

Dual Analog Comparator 


D Flip-Flop w/ Reset and Diff Clock 
D Flip-Flop w/ Diff Data and Clock 
4:1 Differential Multiplexer 

2:1 Multiplexer 

Coaxial Cable Driver 

TTL to Differential PECL Translator 
Differential PECL to TLL Translator 
Dual TTL to Diff PECL Translator 
Dual Diff PECL to TTL Translator 
Dual TTL to Diff ECL Translator 
Dual Diff ECL to TTL Translator 

1:2 Fanout Diff PECL to TTL Trans 
TTL to Diff PECL/Diff PECL to TTL 





SECTION 2 
Device Nomenclature 


ECLinPS, ECLinPS Lite 
MC WWW XXX YYY ZZ 


is Package Type 
FN = PLCC 
Motorola . 
Circuit Identifier : Poca ar 
e MC = Fully Qualified Circuit ‘i P= Plastic DIP 


e XC =Non Reliability Qualified 
Function Type 
sent igs e YYY =3-Digits for ECLinPS 
Compatibility Identifier © YY= 2-Digits for ECLinPS Lite 
e 10=10H Compatible (0 to +85°C) 


¢ 100 = 100K Compatible (0 to +85°C) ECLinPS Family Identifier 
e E=ECLinPS 
e EL=ECLinPS Lite 
e ELT =ECLinPS Lite Translator 





SECTION 3 
Selection Guide 


Gates Flip-Flops/Registers (continued) 
9-Bit Hold Register 
3-Bit D (Edge Triggered Set & Reset) 


Single 4-Input OR/NOR 
Quad 4-Input OR/NOR 
Single 2-Input AND/NAND 
Quint 2-Input AND/NAND Single D (Differential Data & Clock) 
Single 2-Input Differential AND/NAND 5-Bit Differential D Register 

Single 2-Input XOR/KNOR Latches 


Quint 2-input XOR/XNOR 6-Bit D (Async Reset) E150 
Quad 2-Input AND/NAND, Differential 9-Bit Latch w/Parity Gen/Checker E175 
Multiplexers 


Single JK 





Buffers 

9-Bit Buffer Single 4.1 Differential Multiplexer 
1°2 Differential Fanout Buffer 
1:4 Clock Distribution Chip 
1.9 Differential Clock Driver 
Single Driver With Enable 


Quad Driver with Enable 


Single 2:1 Multiplexer 

5-Bit 2:1 Multiplexer 

3-Bit 4:1 Multiplexer 

2-Bit 8:1 Multiplexer 

Single 16:1 Multiplexer 

Quad 2.1 Mux, Individual Select 
Flip-Flops/Registers Triple 2:1 Mux, Differential 





3-Bit Scannable Driver 


Single D (Set & Reset) Mux-Latches 

4-Bit D (Async Set & Reset) 5-Bit 2:1 Mux-Latch 
Single D (Reset & Differential Clock) 6-Bit 2:1 Mux-Latch 
6-Bit D (Async Reset) 3-Bit 4:1 Mux-Latch 


6-Bit D (Differential Data & Clock Inputs) 3-Bit 4:1 Mux-Latch 
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Selection Guide (continued) 


Mux-Registers Bus Transceivers 
6-Bit 2:1 Mux-Register E167 3-Bit Registered Bus Transceiver E336 
Counters 3-Bit Scannable Register Bus Transceiver E337 


8-Bit Synchronous Binary Counter Translators 
6-Bit Synchronous Universal Counter 
8-Bit Triple Counter 


TLL to Differential PECL Translator ELT20 
Differential PECL to TTL Transtator ELT21 





Shift Registers Dual TTL to Differential PECL Translator ELT22 
8-Bit Shift Register (bidirectional) Dual Differential PECL to TTL Translator ELT23+ 
8-Bit Scannable Register (unidirectional) Dual TTL to Differential ECL Translator 
9-Bit Shift Register (unidirectional) Dual Differential ECL to TTL Translator 


9-Bit Hold Register E143 1:2 Fanout Differential PECL to TTL Translator 
3-Bit Scannable Driver E212 


TTL to Diff PECL/Diff PECL to TTL Transiator 
Parity Generator/Comparator Miscellaneous 


12-Bit Parity Generator/Checker Integrated +2 Divider, Differential Input 





integrated +4 Divider, Differential Input 
+2, +4, +8 Clock Generation Chip 
Coaxial Cable Driver 


9-Bit Magnitude Comparator 
8-Bit Error Detection/Correction (EDAC) 
9-Bit Latch w/Parity Gen/Checker 





ine Heseivers Programmable Delay Chip, Digital 


Programmable Delay Chip, Digital & Analog 


Quint Differential Line Receiver 


1:9 Differential Clock Driver lard Dick Qala Sepeiaicr 


1:4 Serial/Parallel Converter 


6-Bit D Reg., Diff Data & CLK Inputs 


Quint High Freq. Differential Line Receiver E416 
5-Bit Differential D Register E452 


4:1 Parallel/Serial Converter E446 
Dual Analog Comparator with Latch E1651* 





Dual Analog Comparator w/ Latch & Hysteresis E1652* 


* Available in 10E or 10EL Version Only. 
+ Available in 100ELT Version Only 
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SECTION 4 
Family Overview 


Introduction 


Recent advances in bipolar processes have led to a 
proliferation of very high speed LS! and VLSI gate arrays 
in high end computer applications. The advent of these 
high speed arrays has created a need for a high speed logic 
family to tie or “glue” them together. Because arrays have 
a finite amount of circuitry and I/O pins, glue functions 
which are sensitive to either of these parameters may be 
better performed off of the array. In addition glue functions 
which require very tight skew control may be difficult to 
perform on an array due to the inherent skew of the large 
packages associated with large gate arrays. Therefore 
although the trend is to push more and more of the logic 
onto the array, there are design constraints which make 
performing some of the logic, such as clock distribution, 
multiplexing, decoding, latching, memory addressing and 
translating, in glue an attractive alternative. 

The high end computer segment is not the only market 
segment pushing for higher performance logic parts. ATE, 
instrumentation and communication designs can have 
data rate requirements ranging from 300MHz to as high as 
2.5GHz. Because large high speed arrays do not always 
lend themselves to passing high frequency signals on and 
off chip, portions of the designs must be realized with 
discrete logic. The current bipolar logic families are not 
capable of operating at these high frequencies. 

To answer the call for a very high speed bipolar logic 
family Motorola has designed and produced the ECLinPS 
(ECL in Pico Seconds) logic family. The family was 
designed to meet the most stringent of system 
requirements in speed, skew and board density as well as 
maintaining compatibility to existing ECL families. 


ECL Design Benefits 


The speed benefits of an ECL design over those of 
alternative logic technologies are well documented, 
however there are a number of other important features 
that make ECL an attractive technology for system 
designs. The ECLinPS logic family, as with other ECL 
families, affords the following advantages: 


Complimentary Outputs 

Complimentary outputs are available on many functions 
with equal propagation delays between the two paths. 
This alleviates the need for external inverters and saves 
system power and board space while maintaining 
exceptional system timing. 


Transmission Line Drive Capability 

The low output impedance, high input impedance and 
high current drive capability of ECL makes it an ideal 
technology for driving transmission lines. Regardless of 
the technology, as system speeds increase, interconnect 
becomes more of a transmission line phenomenon. With 
ECL no special line driving devices are necessary, as all 
ECL devices are line drivers. 


Constant Power Supply Current Drain 

Because of the differential amplifier design used for ECL 
circuits, the current is not switched on and off but rather 
simply steered between two paths. Thus the current drain 
of an ECL device is independent of the logic state and the 
frequency of operation. This current stability greatly 
simplifies system power supply design. 


Input Pulldown Resistors 

ECL inputs have 50KQ ~ 75KQ internal pulldown 
resistors which pull the input to VEE (logic LOW) when left 
open. This allows unused inputs to be left open and greatly 
simplifies logic design. 


Differential Drive Capability 

Because of the presence of high current drive 
complimentary outputs, ECL circuits are ideally suited for 
driving twisted pair lines or cables over long distances. 
With common mode noise rejection of 1V or more, ECL tine 
receivers are less susceptible to common mode noise. In 
addition, their differential inputs need only a few hundred 
millivolt voltage differences to correctly interpret the logic. 


High Speed Design Philosophy 


Today a truly high speed logic family needs more than 
simply short propagation delays. The minimization of all 
types of skew, as well as a level of logic density which 
affords a smaller amount of board space for an equivalent 
function, are also necessities of a high speed family. The 
following summary will outline the steps taken by Motorola 
to achieve these goals in the development of the ECLinPS 
logic family. 


Fast Propagation Delays 

The ECLinPS family boasts 500ps maximum packaged 
gate delays and typical flip-flop toggle frequencies of 
1.4GHz. Simple gate functions show typical propagation 
delays of 360ps at 25mW of power for a speed power 
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product of only 9pJ. For higher density devices internal 
gates run at 100ps with 5mW of power for a speed power 
product of only 0.5pu. 


Internal Differential Interconnect 

The propagation delay window size, skew between 
rising and falling inputs and susceptibility to noise are all 
phenomenon which are exacerbated by Vpp switching 
reference variation. By extensively using differential 
interconnects internal to the chip, the ECLinPS family has 
been able to achieve superior performance in these areas. 


Propagation Delay Temperature Insensitivity 

The variation of propagation delay through an ECLinPS 
device across temperature is typically less than 50ps. This 
stability allows for faster designs due to tighter delay 
windows across temperature. 


Input Impedance and Loading Capacitance 

The input structures of the ECLinPS family show a 
positive real impedance across the applicable input 
frequency range. This ensures that the system will remain 
stable and operate as designed over a wide range of input 
frequencies. The input loading capacitance typically 
measures only 1.5pF and is virtually independent of input 
fanout as the device capacitance is less than 5% of the 
total. Because the propagation delay of a signal down a 
transmission line is adversely affected by loading 
capacitance, the overall system speed is enhanced. 


Input Buffers 

To minimize propagation delays in a system 
environment, inputs with a large internal fanout are 
buffered to minimize the loading capacitance on the 
transmission line. 


High Level of Integration 

28-pin designs allow for the design of 9-bit functions for 
implementation in byte plus parity applications. Full byte 
plus parity implementation reduces total package count 
and saves expensive board space. 


Space Efficient Package 

Surface mount PLCC package affords a high level of 
integration with a minimum amount of required board 
space. Quad layout of the package equalizes pin lengths 
thus minimizing the skew between similar internal paths. 


Flow Through Pin Assignment 


Input and output pins have been laid out in a flow through 
pattern with the inputs on one side of the package and the 
outputs on the other. This flow through pattern helps to 
simplify the PC board layout operation. 


Multiple Veco pins 

To minimize the noise generated in simultaneous 
switching situations, a minimum of three single-ended 
outputs per VCCO has been employed in the family. 


Optimum placement of these Vcocos also results in 
superior output-to-output skew. 


Advanced Bipolar Processing 


The ECLinPS logic family is fabricated using Motorola's 
MOSAIC III process, a process which is two generations 
ahead of the process used in the development of the 10H 
family. The small geometries and feature sizes of the 
MOSAIC III process enable the ECLinPS logic family to 
boast of a nearly three-fold improvement in speed at less 
than half the power of existing ECL logic families. 

The MOSAIC Ill process is a double polysilicon 
process which uses a unique self-alignment scheme for 
device electrode and isolation definition. The process 
features self aligned submicron emitters as well as 
polysilicon base, collector and emitter electrodes. In 
addition, polysilicon resistors, diodes and capacitors are 
available to minimize the parasitic capacitance of an 
ECL gate. Figure 1.1 shows a cross section for an NPN 
device using the MOSAIC III process. 





Figure 1.1. MOSAIC III Cross Section 


By incorporating the use of polysilicon contacts and 
resistors through the MOSAIC Ill process, the parasitic 
capacitances of an ECLinPS gate are minimized, thus 
minimizing the time constants which comprise the 
switching delays of the gate. The resultant gates show 
delays of 100ps for internal gates and 200ps for output 
gates capable of driving 50Q loads. The small geometries 
of the process, nearly 350% reduction in device area 
compared to a 10H device, allow these internal gate 
delays to be achieved at only 800uA of current. 


Universal Compatibility 


Each member of the ECLinPS family is available in both 
of the existing ECL standards: 10E series devices are 
compatible with the MECL 10H family; 100E series devices 
are compatible with ECL 100K. In addition, to maintain 
compatibility with temperature-compensated, three-level 
series-gated gate arrays, the 100E devices are guaranteed 
to operate without degradation to a VEE of — 5.46V. 

The section below presents a comparison between the 
two standards in the new context of the ECLinPS family. 
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The user is also referred to the Electrical Characteristics 
section of this book as well as appropriate family data 
books and other literature for descriptive information on the 
earlier ECL families. 

Because no supplier previous to Motorola has offered 
both ECL standards on an identical process, comparison 
of existing 10H and 100K style devices has some 
limitations. Comparison of the two standards fabricated 
with two different processes has sometimes led to the 
erroneous conclusion that there are inherent AC 
performance differences between them. In reality this is not 
the case. The only inherent difference between the two 
standards is the difference in the behavior of the DC 
characteristics with temperature. 


AC Performance 

From an IC design standpoint the only differences 
between a 10E device and a 100E device in the ECLinPS 
family is a small temperature compensation network in the 
100E output gate, and very minimal differences in the two 
bias generator networks. Therefore one would expect that 
from an AC stand-point the performance of the two 
standards in the ECLinPS family should be nearly identical; 
measurements prove this ito be the case. There is no 
significant measurable difference in the rise/fall times, 
propagation delays or toggle frequencies when comparing 
a 10E and 100E device. The minor difference between 
previous 10H and 100K designs is due to the fact that the 
two are fabricated on different processes, and in some 
cases are designed for operation at different power levels. 


Summary 


Summarizing the above information, in general, the two 
ECL design standards, although differing somewhat in DC 
parameters, are nearly identical wnen one compares the 
AC performance for a given device. There may be very 
small differences in the AC measurements due to the 
slightly smaller output swing of the 100E device. However, 
these differences are negligible when compared to the 
absolute value of the measurements. Therefore, from an 
AC stand-point, there is no real advantage in using one 
standard over the other, thus removing AC performance as 
a decision variable in high-speed system design. 


Packaging 


During the definition phase of the ECLinPS family, much 
attention was placed on the identification of a suitable 
package for the family. The package had to meet the 
criteria of minimum parasitics and propagation delays 
along with an attractive I/O vs board space relationship. 
Although the DIP package offered a level of familiarity and 
convenience, the performance of the package with a very 
high speed logic family was inadequate. In addition to the 
obvious parasitics and board space problems, the 
propagation delays through the DIP package were nearly 
twice as long as the delay through the silicon. 


Family Overview 


The 28-pin PLCC package emerged as the clear favorite 
both internally and with the high speed market in general. 
The package offers a quad layout to minimize both lead 
lengths and lead length differences. As a result, the 
parasitics and delays of the package are very well suited 
for a high speed Sogic family. In addition, the nearly 
matched lead lengths allow for tighter skew among similar 
paths through the chip. 

The board density potential of the PLCC is also attractive 
in that it allows for a nearly 100% reduction in board space 
when compared to the DIP alternative. The package is 
approximately a half inch square with 50 mil spaced J-bend 
leads. More detailed measurements can be found in the 
package section of this data book. The J-bend leads 
provide a smaller footprint than a gull wing package and 
propose fewer temperature expansion coefficient 
mismatch problems than the leadless alternative. 

Thermally, the standard PLCC exhibits a Oya of 43.5°C 
per watt at 500lfpm air flow. With this thermal resistance 
most 28-pin functions can be implemented with the 
MOSAIC III process without encountering any severe 
thermal problems. For more details on thermal issues of 
the ECLinPS family refer to the thermal section of this data 
book. 


Abbreviation Definitions 


The following is a list of abbreviations found in this data 
book and a brief definition of each. 


Current 

loc Total power supply current drawn from the positive 
supply by an ECLinPS unit under test. 

IEE Total power supply current drawn from an ECLinPS 
device under test by the negative supply. 

lit Current drawn by the input of an ECLinPS device 
with a specified low level (Vi_ min) forced on the 
input. 

INH Current drawn by the input of an ECLinPS device 
with a specified high level (VjH max) forced on the 
input. 

IOUT The current sourced by an output under specified 
load conditions. 

Voltage 

VBB The switching reference voltage. 

VBE Base-to-emitter voltage drop of a transistor at 
specified collector and base currents. 

VcB Collector-to-base voltage drop of a transistor at 


specified collector and base currents. 
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Family Overview 


Voc 


Vcoco 


VEE 


VIH 


VIH max 


VIH min 


VIL 


ViL max 


Vit min 


VOH 


VOHA 


VOH max 


VOH min 


VOL 


VOLA 


VOL max 


VoL min 


VT 


VPP 


VCMR 


The most positive supply voltage to an ECLinPS 
device. 


Power supply connection to the output emitter 
followerof an ECLinPS gate. Forthe ECLinPS logic 
family Vcc and Vcco are common nodes. 


The most negative supply voltage to an ECLinPS 


VCUT 


VsSuUP 


The logic LOW voltage level for ECL BUS outputs 
which attain cutoff of the output emitter follower. 


The maximum voltage difference between Veg and 
Voc for the E1651 comparator. 


Timing Parameters 


device. tR 
Nominal input logic HIGH voltage level. 

tF 
Maximum (most positive) logic HIGH voltage level 
for which all parametric specifications hold. 

TPD+t 
Minimum (least positive) logic HIGH voltage level 
for which all parametric specifications hold. 

xpt 
Nominal input logic LOW voltage. 
Maximum (most positive) logic LOW voltage level 
for which all parametric specifications hold. TPLH 
Minimum (least positive) logic HIGH voltage level 
for which all parametric specifications hold. TPHL 
Output logic HIGH voltage level for the specified 
load condition. fMAX 
Output logic HIGH voltage feve! with the inputs 
biased at VjH min or VoL max. {COUNT 
Maximum (most positive) logic HIGH output 
voltage level. fSHIFT 
Minimum (least positive) logic HIGH output voltage 
level. tSKEW 
Output logic LOW voltage level for the specified 
load condition. ts 
Output logic LOW voltage level with the inputs 
biased at Vjy min or VoL max. 

tH 
Maximum (most positive) logic LOW output voltage 
level. 
Minimum (least positive) logic LOW output voltage tRR 
level. 
Output termination voltage for ECLinPS open 
emitter follower outputs. 
Minimum peak-to-peak input voltage for differential tw min 
input devices. 
The voltage range in which the logic HIGH voltage 
level of a differential input signal must fall for a 
differential input device. 
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Waveform rise time of an output signal measured 
from the 20% to 80% levels of the signal. 


Waveform fall time of an output signal measured 
from the 20% to 80% levels of the signal. 


Propagation delay of a signal measured for a 
rising/falling input to a rising/falling output. 


The crossing point of a differential input or output 
signal. The reference point for which differential 
delays are measured. 


The propagation delay for an output transitioning 
from a logic LOW level to a logic HIGH level. 


The propagation delay for an output transitioning 
from a logic HIGH level to a logic LOW level. 


Maximum input frequency for which an ECLinPS 
flip flop will function correctly. 


Maximum input frequency for which an ECLinPS 
counter will function properly. 


Maximum input frequency for which an ECLinPS 
shift register will function properly. 


The maximum delay difference between similar 
paths on a single ECLinPS device. 


Setup time: the minimum amount of time an input 
must transition before a clock transition to ensure 
proper function of the device. 


Hold time: the minimum amount of time an input 
must remain asserted after a clock transition to 
ensure proper operation of the device. 


Release time or Reset Recovery Time: the 
minimum amount of time after a signal is 
de-asserted that a different input must wait before 
assertion to ensure proper functionality of the 
device. 


Minimum pulse width of a signal necessary to 
ensure proper functionality of a device. 


Temperature 


TSTG 


Ty 


TA 


OJA 


OJC 


®CA 


lfpm 


The maximum temperature at which a device may 
be stored without damage or performance 
degradation. 


Junction (or die) temperature of an integrated 
circuit device. 


Ambient (environment) temperature existing in the 
immediate vicinity of an integrated circuit package. 


Thermal resistance of an integrated circuit package 
between the junction and the ambient. 


Thermal resistance of an integrated circuit package 
between the junction and the case. 


Thermal resistance of an integrated circuit package 
between the case and the ambient. 


Linear feet per minute. 
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Family Overview 


Miscellaneous 


DUT 
CIN 
ZIN 
CouT 
ZOUT 


Pp 


RL 
RT 
Rp 
PUT 


SMA 


Device under test. 

Input capacitance of a device. 
Input impedance of a device. 
Output capacitance of a device. 
Output impedance of a device. 


The total dc power applied to a device, not including 
any power delivered from the device to the load. 


Load resistance. 

Transmission line termination resistor. 
An input pull-down resistor. 

Pin under test. 


Industry standard PCB connector. 
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SECTION 5 
Electrical Characteristics 


DC Characteristics 


ECLinPS Transfer Curves 


As mentioned in the previous section, except for the E1651, 
E1652 andE197 all ECLinPS devices are offeredin either 10E 
or 100E versions to be compatible with 10H or 100K ECL logic 
respectively. The following information will overview the DC 
characteristics of the two versions of ECLinPS devices, for 
more detailed discussions the reader is referred to the MECL 
and F100K data books. 

Both 10E and 100E devices produce = 800mV output 
swings into a specified 50Q to — 2.0V load. However, because 
of the low output impedance (Figure 2.1) of both standards, 
neither is limited to 50 loads. Larger load resistances can be 
used to reduce the system power without sacrificing the speed 
of the device. Of course the overall system speed will be 
reduced due to the increased delays of the interconnect 
traces. In addition, to better drive high capacitive lines, smaller 
resistances, down to 25Q, can be used without violating the 
50mA max output current specification. It is however 
recommended that for lines of less than 35Q, specialized 250 
driver circuits or “ganged” output schemes should be used to 
ensure optimum long term reliability of the device. 
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The 10E devices are voltage compensated but not 
temperature compensated, therefore, although the output 
voltage levels are insensitive to variations in VEE, they do vary 
with temperature. The transfer curves in Figure 2.2 pictorially 
illustrate the behavior of the 10E outputs. In order to maintain 
noise margins over temperature, it is important that the VeB 
switching reference tracks with temperature in such a way as 
to remain centered between the VOH and Vo, levels. As 
shown in Table 2.1, the temperature tracking rates of the VoH 
and VoL for a 10E device are not equal. Therefore, it is 
necessary to design the Vpp reference such thatit tracks ata 
rate equal to the average rate of the difference between the 
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high and low output level tracking rates. Table 2.1 also 
outlines the temperature tracking behavior of a 10E VpBR 
switching reference. 


AVOH/AT (mvV/°C) 
AVoL/AT (mV/°C) 
AVpp/AT (mV/°C) 
AVOH/AVEE (mV/V) 
AVoL/AVEE (mV/V) 
AVpp/AVEE (mV/V) 


AVOH/AT (mV/°C) 
AVoL/AT (mV/°C) 
AVBB/AT (mV/°C) 
AVOH/AVEE (mV/V) 
AVoL/AVEE (mV/V) 
AVpp/AVEE (mV/V) 


Table 2.1. ECLinPS Voltage Level Tracking Rates 


The 100E devices, on the other hand, are temperature and 
voltage compensated, therefore, the output levels remain 
fairly constant over variations in both VEE and temperature. 
Figure 2.3 shows the transfer characteristics for a 100E 
device. The associated tracking rates are illustrated in Table 
2.1. Notice that in this case the Vpp switching reference is 
designed to remain constant over temperature to maintain an 
optimum position within the output swing of the device. This 
flat temperature tracking of the internal reference levels leads 
to a phenomena particular to the 100E devices. 
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Figure 2.3. ECLinPS 100E Transfer Characteristics 





Electrical Characteristics 


Since the VB_es of the current source transistor reduce with 
temperature, if the current source reference remains 
constant, as is the case for 100E devices, the IEE of the 
device will vary with temperature. Careful scrutiny of the data 
sheets will reveal that the worst case IEE for a function is 
higher for the 100E version than the 10E version of that 
device. As a result, from a power standpoint a 100E device 
operating at 85°C with a — 4.5V VEE will be nearly identical to 
a 10E device operating with a —5.2V Vee under identical 
temperature conditions. 

Although differing somewhat in many DC parameters, 10E 
and 100E devices do share a couple of the same DC 
characteristics. Both designs show superior IEE vs VEE 
tracking rates due to the design of the voltage regulator. With 
a tracking rate of <3%/V, this variation can effectively be 
ignored during system design. The output level and reference 
level variation with VEE are also outstanding as can be seen 
in Table 2.1. 


Noise Margin 

The noise margin of a device is a measure of a device’s 
resistance to undesirable switching. For ECLinPS, as well as 
all ECL devices, noise margin is a DC specification. The noise 
margin is defined as the difference between the voltage level 
of an output of the sending device and the required voltage 
level of the input of the receiving device. Therefore a worst 
case noise margin can be calculated from the ECLinPS data 
sheets by simply subtracting the Vj_ max or Vy} min from the 
VOL min or VOH max respectively. Table 2.2 below illustrates 
the worst case and typical noise margins for both 10E and 
100E ECLinPS devices. Notice that the typical noise margins 
are approximately 100mvV larger than the worst case. 


100E 
min typ 
NMHIGH (mV) 150 240 140 210 
NMLow (mV) 


150 280 145 230 





Table 2.2. DC Noise Margins 


As mentioned above, the noise margins of a device are a 
DC measurement and thus can lead to some false 
impressions of the noise immunity of a system. For instance, 
from the chart the worst case noise margin is 140mV for ahigh 
level of a 100E device. This would suggest that an undershoot 
on this line of greater than 140mV could cause an error in the 
system. This however is not necessarily the case as the 
determination as to whether or not an AC noise signal Is 
propagated is dependent on line impedances, output 
impedances and propagation delays as well as noise margins. 
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Electrical Characteristics 
AC Characteristics 


Parameter Definitions 


The device data sheets in Section 3 contain specifications 
for the propagation delays and rise/fall times for each of the 
devices in the ECLinPS family. In addition, where applicable, 
skew, setup/hold, maximum toggle frequencies (f,yyaAx), reset 
recovery and minimum pulse width specifications are 
included. The waveforms and terminologies used in 
describing the propagation delays and rise/fall times of the 
ECLinPS family are depicted in Figure 2.4 below. 





tf 


RISE AND FALL TIMES 





SINGLE-ENDED PROPAGATION DELAY 





DIFFERENTIAL PROPAGATION DELAY 


Figure 2.4. ECLinPS Tpp Measurement Waveforms 


Propagation delays and rise/fall times are generally well 
understood parameters, however, there is sometimes 
confusion surrounding the definitions of more specialized AC 
parameters such as skew, setup/hold times, release times, 
and maximum frequency. The following few paragraphs will 
outline the ways in which Motorola defines these parameters. 


Skew Times 


In the design of high speed systems skew plays nearly as 
important a role as propagation delay. The majority of the 
devices in the ECLinPS family have the skew between outputs 
specified. This skew specification represents the typical 
difference between the delays of similar paths ona single chip. 
No maximum value for skew is specified due to the difficulty 
in the production testing of this parameter. The user is 
encouraged to contact an ECLinPS application engineer to 
obtain actual evaluation data if this parameter is critical in their 
designs. 


Set-Up and Hold Times 


Motorola defines the setup time of a device as the minimum 
time, prior to the transition of the clock, that an input must be 
stable to ensure that the device operates properly. The hold 
time, on the other hand, is defined as the minimum time that 
an input must remain stable after the transition of the clock to 
ensure that the device operates properly. Figure 2.5 illustrates 
the way in which Motorola defines setup and hold times. 





Figure 2.5. Set-Up and Hold Waveforms 


Release Times 


Release times are defined as the minimum amount of time 
an input must wait to be clocked after an enable, master reset 
or set signal is deactivated to ensure proper operation. 
Because more times than not this specification is in reference 
to amaster reset operation, this parameter is often called reset 
recovery time. Figure 2.6 illustrates the definition of release 
time in the Motorola data sheets. 
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Master Reset 





Figure 2.6. ECLinPS Release Time Waveforms 


MAX Measurement 


In general fax is measured in the manner shown in Figure 
2.7 with the fail criterion being either a swing of 6(00mvV or less, 
or a miscount. However, in some cases, the feedback method 
of testing can lead to a pessimistic value of fyyax because the 
feedback path delay is such that the setup times of the device 
are violated. If this is the case, it is necessary to have two free 
running signal generators to ensure that the setup times are 
observed. This parameter, along with fgHiFT and fCOUNT, 
represents the maximum frequency at which a particular flip 
flop, shift register or counter can be clocked with the divide, 
shift or count operation guaranteed. This number is generated 
from worst case operating conditions, thus, under nominal 
operating conditions, the maximum toggle frequency is higher. 


AC Testing ECLinPS Devices 


The introduction of the ECLinPS family raised the 
performance of silicon to a new domain. As the propagation 
delays of logic devices become ever faster the task of 
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Figure 2.7. fyjaax Measurement 


correlating between test setups becomes _ increasingly 
challenging. To obtain test results which correlate with 
Motorola, various testing techniques must be adhered to. A 
typical schematic for an ECLinPS test setup is illustrated in 
Figure 2.8. 

A solid ground plane is a must in the test setup, as the two 
power supplies are bypassed to this ground plane. A 20uF 
capacitor from the two power supplies to ground is used to 
dampen any supply variations. An RF quality 0.01F capacitor 
from each power pin to ground is used to decouple the fixture. 
These 0.01p,F capacitors should be located as close to the 
power pins of the package as possible. In addition, in order to 
minimize the inductance of the power pins, all of the power 
leads should be kept as short as possible. The power supplies 
are shifted by +2.0V so that the load comprises only the 
precision 50Q input impedance of the oscilloscope. Use of this 
technique will assure that the customer and Motorola are 
terminating devices into equivalent loads and will improve test 
correlation. 


CHANNEL A 


50Q COAX 


VEE 


0 OtpF OSCILLOSCOPE 


CHANNEL B 


50 W COAX 





Figure 2.8. Typical ECLinPS Test Setup 
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To further standardize testing, any unused outputs should 
be loaded with 50Q to ground. 

Because the power supplies are shifted, the input levels 
must also be shifted by an equal amount. Table 2.3 gives the 
typical input levels for the ECLinPS family and _ their 
corresponding +2.0V shifted levels. 





Table 2.3. ECL Levels after Translating by +2.0V 


The test fixture should be in a controlled impedance 50Q 
environment, with any non-50Q interconnects, or stubs, 
kept as short as possible (<1/4”). This controlled impedance 
environment will help to minimize overshoot and ringing, 
two phenomena which can lead to inaccuracies in AC 
measurements. To minimize degradation of the input and 
output edge rates, a 500 coaxial cable with a teflon 
dielectric is recommended, however any other cable with a 
bandwidth of >5.0GHz is adequate. In addition, the cables 
from the device under test (DUT) to the inputs of the scope 


should be matched in length to prevent any errors due to 
different path lengths from the DUT to the scope. The 
interconnect fittings should be 50Q SMA straight or SMA 
launchers to minimize impedance mismatches at the 
interface of the coax and test PC board. Although a teflon 
laminate board is preferable, an FR4 laminate board is 
acceptable as long as the signal traces are kept to five 
inches or less. Longer traces will result in significant edge 
rate degradation of the input and output signals. 

To make the board useful for incoming inspection or other 
volume testing, the board needs to be fitted with a socket. 
Although not suitable for AC testing due to different pin lengths 
and large parasitics, there are through hole sockets which are 
adequate for DC testing of ECLinPS devices. For AC testing 
purposes a 28-pin PLCC surface mount socket is 
recommended. 

To ease the correlation issue, Motorola has developed a 
universal AC test board which is now available to customers. 
The board is fitted with a PLCC socket and comes with 
instructions on how it can be configured for the different device 
types in the family. For ordering information see the 
description on the following page. 

Finally, to ensure correlation between Motorola and the 
customer, high-performance, state-of-the-art measuring 
equipment should be used. The pulse generator must be 
capable of producing the required input levels with rise and fall 
times of 500ps. In addition, if fax is going to be tested, a 
frequency of up to 1.5GHz may be needed. The oscilloscope 
should also be of the utmost in performance with a minimum 
bandwidth of 5.0 GHz. 





Figure 2.9. ECLinPS AC Test Board 
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SECTION 6 
Engineering Evaluation Board 
for 28-Pin ECL Devices in the PLCC Package 


Part # ECLPSBD28 


DESCRIPTION 
This board is designed to provide a low cost characterization tool for evaluating ECL devices in the ECLinPS Product Family. 


The board provides a high bandwidth 50Q controlled impedance environment. The board is universal and can be configured by 
the user for any of the 28-pin PLCC devices in the family depending on the input, output, and power pinout layout of the device. 
The table below indicates common input/output/power devices. 


Group Base Device Pin Compatible Devices 
CONF1 E196 E195 

CONF2 E142 E016,E141,E143,E241 
CONF3 E337 E336 

CONF4 E212 E104,E£107,E150,E151 
CONF5 E156 E155,E167,E171,E256 
CONF6 E158 E116,E122,E175,E416 
CONF7 E154 E452 

CONF8 E101 E131,E157,E404 
CONF9 E112 
CONF10 E431 E457 

CONF 11 E111 
CONF12 E164 E160 
CONF13 E451 
CONF 14 E163 E166 

CONF15 E193 


Table 1. Cross Reference of Board Configurations 


The board is designed to test devices using the fly-by (Kelvin contact) test method, therefore one input force trace and one 
input sense trace exist for each input pin. This allows termination of the input and output signals into the highly accurate 50 ohm 
impedance of an oscilloscope. The layout is engineered to have equal length traces from the device under test (DUT) socket to 
the sense outputs which simplifies the calibration requirements for accurate AC measurements. 


The kit provides a printed circuit board with an attached surface mount socket as well as assembly instructions. For superior 
impedance control from the cable to the board, Motorola recommends the use of SMA coaxial connectors. 


ECLinPS and ECLinPS Lite 
1-15 


Egineering Evaluation Board 


(AA) MOTOROLA 





A. LOCATION OF B. VIAS TO THE 
SENSE RING POWER PLANES 
FOR SMAs 


Figure 1. Front View of ECLinPS Evaluation Board 
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Engineering Evaluation Board 


Table 2. Pin Cross Reference 


0000000 0 


# of 
Part(s) Connec- 
(cont'd) tors 


00O0Cm80dUCOUCUCOOUCONUCUCONOUlUCO 





00 000000000 0 
oo 000000000 0 


KEY: | designates an input 
OQ. designates an output 
Vee designates the lower voltage rail 
Vcc designates the upper voltage rail 
NC designates a no connect 
VB. designates Vpp output which should 
not be terminated into 50 ohms 
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ASSEMBLING THE ECLinPS EVALUATION BOARD 

The evaluation board is designed for characterizing devices in a laboratory environment using high bandwidth sampling 
oscilloscopes such as the Hewlett Packard 54120T, the Tektronix 11800 Series, or the Tektronix 7854. The board is designed using 
Kelvin contact (fly-by) techniques to present the input signals to the DUT. Each pin on the board has two traces, one force and one 
sense. Input pins use one force and one sense line, while outputs need only a sense line. This means that input signals are 
terminated through the sense line into the 50 ohm input of a sampling oscilloscope instead of at the input to the DUT. Please refer to 
the AC Testing section of the ECLinPS Data Book for further information and a simplified figure of the test setup. 


The first step in building a board is determining which input/output/power configuration is necessary for the device of interest. Table 
1 onthe first page of the Applications Information shows all the board configurations. For example, if the devices of interest were the 
E104 and the E151, then CONF2 would be selected. Table 2 is a pin cross reference for each configuration. 


I. Installing the SMA Connectors 


Table 2 indicates the number of SMA connectors needed to populate an evaluation board for a given configuration. Depending on 
the device and the parameters of interest, it may not be necessary to install the full complement of SMA connectors. For example, 
some devices have two clock inputs or common clocks and individual clocks. Figure 1 is the frontview of the ECLinPS evaluation 
board. Item A points to the inner ring which connects to the sense traces of the DUT. The outer ring connects to the force traces. An 
input requires one SMA connector for the force and one SMA connector for the sense, while an output only requires a connection to 
the sense trace. Insert all the SMA connectors into the board and solder to the board. Asimple assembly technique is to place a stiff 
piece of cardboard (8” x 7” or larger) on top of all the connectors and hold the board and cardboard together. Invert the board, place 
on a level surface, and all the connectors will be seated properly and can be soldered in place. 


Il. Connecting Power Planes to DUT Socket 


There are four voltage planes on the ECLPSBD28. One is dedicated to ground and the other three, B1, B2, B3, are uncommitted. 
These planes are accessible through a power connection and sets of four vias that are adjacent to each sense trace. This is 
identified as Item Bin Figure 1. For standard parts, B1 canbe assigned Vcc, B2 can be assigned to VEE, and B3 can be assigned to 
ground. Table 2 indicates which pins need to be connected to the various supply voltages. On the front side of the board, soldera 
jumper wire from the closest VEE or Vcc via to the sense trace for each Vcc, Vcco, and VEE pin. Near the DUT there are sets of 
ground/bias plane vias that accommodate power supply decoupling capacitors. These are identified as Item C. On the front side of 
the board install 10 uF capacitors and on the back side install a 0.01 uF high frequency capacitor in parallel to decouple the VEE and 
Vcc planes. 


Ill. Cutting Force Traces for Outputs 


Because of the design of the board, alt force traces for output pins will appear as transmission line stubs connected to the output 
pin. On the back side of the board, cut the force traces associated with the outputs using a razor blade knife. It is important to cut 
the trace very close to the DUT area to minimize the stub length. Also cut the force traces that are connected to Vcc, Veco, and 
VEE pins. 


IV. Installing the Chip Capacitors for the Vcc/Vcco Pins 


In the kit are 0.01 uF chip capacitors for use in decoupling the Vcc and VCco pins to the ground plane. This is critical because the 
power pins are not directly connected to the Vcc plane as in an actual board layout. On the back side of the board beneath the DUT 
socket are pads for each pin which allow connection of chip capacitors to the center island (GND) foreach VCc and Vccopin. Stand 
the chip capacitors on edge when soldering them in place so that adjacent pins are not shorted together. 
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V. Final Assembly 

The board power plane interface is designed to accommodate a 15-pin right angle D connector. This can be used directly, or wires 
can be inserted into the vias to connect to the power planes that were connected to the DUT in part Il. Attach standoffs into the four 
0.25 inch holes at the corners of the board. This completes the assembly of the evaluation board and it should be ready to test. 


VI. SMA Connector Suppliers 


Below are two suppliers who manufacture PC Mount SMA connectors which interface to the evaluation board. Motorola has used 
these two connectors before, but there are other vendors who manufacture similar products. 


EF Johnson 0.200” PC Mount SMA 
299 Johnson Ave. P.O. Box 1249 Jack Receptacle 
Waseca, Minnesota 56093 142-0701-201 


(800) 247-8343 or (507) 835-6222 


MACOM Omni Spectra 0.200” PC Mount SMA 
140 Fourth Avenue Straight Jack 
Waltham, Massachusetts 02254 2062-0000-00 


(617) 890-4750 
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ligh Performance ECL Data 
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Logic Integrated Circuits Division 


This section contains AC & DC specifications 
r each ECLinPS device type. Specifications 
ymmon to all device types can be found in the 
‘st part of this section. While specifications 
tique to a particular device can be found in the 
dividual data sheets following the family 
»ecIfications. 


ata Sheet Classification 


dvance Information — product in the sampling or 
pre-production stage at the time of publication. 


roduct Preview — product in the design stage at 
the time of publication. 


ECLinPS 
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Family Specifications 
& Device Data Sheets 


ECLinPS Family Specifications 





Absolute Maximum Ratings 


Beyond which device life maybe impaired.1 


Characteristic 


Power Supply (Vcc = OV) 


Input Voltage (Vcc = OV) 0 to-6V 


Output Current — Continuous 
— Surge 
Operating Temperature Range TA 
10E Series 0 to + 85 
100E Series 0 to + 85 


Operating Range2 ~5.7 to— 4.2 


1. Unless specified otherwise on individual data sheet. 
2. Parametric values specified at: 100E series: — 4 2V to — 5.46V 
10E series: —4.94V to-5.46V 

















10E Series DC Characteristics 
VEE = — 5.2V + 5%; Voc = Vcco = GND! 







a 
Von | Oupurrict votege | -1020 | -e«o | -000 | -e10 | -oa0 | -7a5 | -o10 | —720 | av | 
[Vo. | Oupurtow vetese | -1980 | ~vee0 | ~va80 | ~ve=0 | -vee0 | ~reo0 | —ree0 | —ree5 |__| 
rin | woutcweoure | os || os | | oa | | oa | | 


1. 10E series circuits are designed to meet the dc specifications shown in the table, after thermal equilibrium has been established. The circuit 1s 
ina test socket or mounted on a printed circuit board and transverse air flow greater than 500 Ifpm ts maintained. Outputs are terminated through 
a 502 resistor to -2.0 volts, except bus outputs which, where specified, are terminated into 250. 





100E Series DC Characteristics 
VEE =~ 4.2V to — 5.46V; Voc = Vcco = GND; Ta = 0°C to + 85°C 


















in 
crv 
[vorm —| Oupstricrvowss roan) vv= Yin 
vou | ouparcow'vorsse =f mv | orvninan 
Pingu riGHvonage | es |_| 000 | mv] Guarantees HIGH Sarl or Aras | 
ar 
a 


Loading with 
50Q to ~ 2.0V 







vin | m 
Vie = | Input LOW Voltage —1810 m Guaranteed LOW Signal for All Inputs 
Input LOW Current VIN = Vit(min) 


This table replaces the three tables at different supply voltages in the previous edition and in ECL 100K literature. The same DC parametric values 
at Veg = — 4.5V now apply across the full Veg range of — 4.2 to — 5.46V. 
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MOTOROLA 


SEMICONDUCTOR a a aa ee 
TECHNICAL DATA 


8-Bit Synchronous Binary MC10E016 
Up Counter MC100E016 


The MC10E/100E016 is a high-speed synchronous, presettable, 
cascadable 8-bit binary counter. Architecture and operation are the same 
as the MC10H016 in the MECL 10H family, extended to 8-bits, as shown 
in the logic symbol. 


The counter features internal feedback of TC, gated by the TCLD 

(terminal count !oad) pin. When TCLD is LOW (or left open, in which case 8-BIT SYNCHRONOUS 
it is pulled LOW by the internal pull-downs), the TC feedback is disabled, BINARY UP COUNTER 
and counting proceeds continuously, with TC going LOW to indicate an 
all-one state. When TCLD is HIGH, the TC feedback causes the counter 
to automatically reload upon TC = LOW, thus functioning as a 
programmable counter. The Qp outputs do not need to be terminated for 
the count function to operate properly. To minimize noise and power, 
unused Q outputs should be left unterminated. 


e 700MHz Min. Count Frequency a 


1000ps CLK to Q, TC al 





ET 
e Internal TC Feedback (Gated) 

e 8-Bit FN SUFFIX 

e Fully Synchronous Counting and TC Generation PLASTIC PACKAGE 


CASE 776-02 


Asynchronous Master Reset 
Extended 100E Veg Range of — 4.2V to — 5.46V 
75kQ. Input Pulldown Resistors 





FUNCTION TABLE 


Pinout: 28-Lead PLCC (Top View) 
Load Parallel (Pp, to Qn) 
PE CE P7 Pg Ps Veco TC Continuous Count - 
= Count; Load Parallel on TC = LOW 
Hold 
Masters Respond, Slaves Hold 
Reset (Qn : = LOW, TC : = HIGH) 





Z_ =clock pulse (low to high); 
ZZ = clock pulse (high to low) 


PIN NAMES 


Parallel Data (Preset) Inputs 
Data Outputs 
Count Enable Control Input 


Parallel Load Enable Control Input 
Master Reset 

Clock 

Terminal Count Output 


Po Pg Pa Vcco 9%  Q TC-Load Control Input 





* Alli Vcc and Vcco pins are tied together on the die. 
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MC10E016 


8-BIT BINARY COUNTER LOGIC DIAGRAM 


PE e. 








TCLD SS 

rc 7 cr 

| | 

| | cea | 

cE | | %1; | 

CE Dd) BIT! | eeeece ee | 

| Q4 95 

PO | | 05 | 
4 | — 
CLK > aN eae | aa 








Note that this diagram 1s provided for understanding of logic operation only. 
It should not be used for propagation delays as many gate functions are achreved internally without incurnng a full gate delay. 
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DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VCCo = GND) 


ne Power Supply Current 


10E 151 181 161 181 ee 
100E 151 181 151 181 


eed Characteristic 


fCOUNT | Max. Count Frequency oe 700 


tPLH Propagation Delay to Output 
tPHL CLK toQ 

MR to Q 

CLK to TC 

MR to TC 


Setup Time 
Pn 
CE 
PE 


Hold Time 
Pn 
CE 
PE 
oh Reset Recovery Time 


Minimum Pulse Width 
CLK, MR 

Rise/Fall Times 
20 - 80% 
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MC10E016 


Condition 











MC10E016 


FUNCTION TABLE 


| Function | PE CE MR TCLD CLK|P7-P4 P3 P2 PI PO |Q7-Q4 Q3 


Load 
Hold 


Load On 
Terminal 
Count 


L 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
x 


xe ere een eX ee co es 
Irerrrrrrrrre ricer 
<x<rrTrTrTrTroTKK KP KK 
XNNNNNNNNNNNNNN 
xrrrTrTrToKKeoOK KK KT 
xrmrerrooeooK Keo KK KK 





Q2 Qi 


xrrrrTrTroKKoiOKKK KT 
xrmrrTrTrToIK KOK KK KO 
<xPrOrOOOPOO cK KOH KKK KO 
Pol So a a er Ee 
Fore rzrrrrrrTeitigTgigTTt 
rPrelnh LE ht ee tt 
Pre@tirrzrrrrrertiirirer 
Preirrreimirrrririr 
TIrITIrFTTTITITITriTITTt 


Applications Information 


Cascading Multiple E016 Devices 


For applications which call for larger than 8-bit counters 
multiple EQ16s can be tied together to achieve very wide 
bit width counters. The active low terminal count (TC) 
output and count enable input (CE) greatly facilitate the 
cascading of E016 devices. Two E016s can be cascaded 
without the need for external gating, however for counters 
wider than 16 bits external OR gates are necessary for 
cascade implementations. 

Figure 1 below pictorially illustrates the cascading of 4 
E016s to build a 32-bit high frequency counter. Note the E101 
gates used to OR the terminal count outputs of the lower order 
E016s to control the counting operation of the higher order 
bits. When the terminal count of the preceding device (or 
devices) goes low (the counter reaches an all is state) the 
more significant E016 is set in its count mode and will count 
one binary digit upon the next positive clock transition. In 
addition, the preceding devices will also count one bit thus 
sending their terminal count outputs back to a high state 


LOAD © 


CLOCK O 


disabling the count operation of the more significant counters 
and placing them back into hold modes. Therefore, for an 
E016 in the chain to court, all of the lower order terminal count 
outputs must be in the low state. The bit width of the counter 
can be increased or decreased by simply adding or 
subtracting E016 devices from Figure 1 and maintaining the 
logic pattern illustrated in the same figure. 

The maximum frequency of operation for the cascaded 
counter chain is set by the propagation delay of the TC output 
and the necessary setup time of the CE input and the 
propagation delay through the OR gate controlling it (for 16-bit 
counters the limitation is only the TC propagation delay and 
the CE setup time). Figure 1 shows EL01 gates used to control 
the count enable inputs, however, if the frequency of operation 
is lower a slower, ECL OR gate can be used. Using the worst 
case guarantees for these parameters from the ECLinPS data 
book, the maximum count frequency for a greater than 16-bit 
counter is 500MHz and that for a 16-bit counter is 625MHz. 





Figure 1. 32-Bit Cascaded E016 Counter 
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MC10E016 


Applications Information (continued) 


Note that this assumes the trace delay between the TC 
outputs and the CE inputs are negligible. If this is not 
the case estimates of these delays need to be added to 
the calculations. 


Programmable Divider 


The E016 has been designed with a control pin which 
makes it ideal for use as an 8-bit programmable divider. The 
TCLD pin (load on terminal count) when asserted reloads the 
data present at the parallel input pin (Pn’s) upon reaching 
terminal count (an all 1s state on the outputs). Because this 
feedback is built internal to the chip, the programmable 
division operation will run at very nearly the same frequency 
as the maximum counting frequency of the device. Figure 2 
below illustrates the input conditions necessary for utilizing the 
E016 as a programmable divider set up to divide by 113. 


P7 P6 P5 
PE 


P4 P3 P2 Pi PO 


CE 


TCLD 


CLK 


Q7 Q6 Q 4 Q3 Q2 Qi QD 





Figure 2. Mod 2 to 256 Programmable Divider 


To determine what value to load into the device to 
accomplish the desired division, the designer simply subtracts 
the binary equivalent of the desired divide ratio from the binary 
value for 256. As an example for a divide ratio of 113: 


Pn’s = 256 — 113 = 8Fy6 = 1000 1111 


Load 1001 0000 1001 0001 


Clock 


1111 1100 





where: 
PO = LSB and P7 = MSB 


Forcing this input condition as per the setup in Figure 2 will 
result in the waveforms of Figure 3. Note that the TC output is 
used as the divide output and the pulse duration is equal to a 


Table 1. Preset Values for Various Divide Ratios 
Preset Data Inputs 
P4 P3 P2 


Divide 


Ratio P7 P1 PO 


H 
H 
H 
H 
e 
; e 
H 
H 
H 
e 
e 
L 
L 
L 


moeoeoeeenmrrreee TTITTL 
meee ermrrree TTT L 
TmToreoeee rere tee TIITL 
TH~rooroeee TTtTreee TTITL 
m~roeoeeertrrreeer trT 
moroodeetrtTroee Trees 
mrrOdroeeertreee Teter 


full clock period. For even divide ratios, twice the desired 
divide ratio can be loaded into the E016 and the TC output can 
feed the clock input of a toggle flip flop to create a signal 
divided as desired with a 50% duty cycle. 

A single E016 can be used to divide by any ratio from 2 to 
256 inclusive. If divide ratios of greater than 256 are needed 
multiple E016s can be cascaded in a manner similar to that 
already discussed. When E016s are cascaded to build larger 
dividers the TCLD pin will no longer provide a means for 
loading on terminal count. Because one does not want to 
reload the counters until all of the devices in the chain have 
reached terminal count, external gating of the TC pins must be 
used for multiple E016 divider chains. 


1111 1101 1111 1110 11171111 Load 


DIVIDE BY 113 


Figure 3. Divide by 113 E016 Programmable Divider Waveforms 
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MC10E016 


Applications Information (continued) 





Figure 4. 32-Bit Cascaded E016 Programmable Divider 


Figure 4 on the following page shows a typical block 
diagram of a 32-bit divider chain. Once again to maximize the 
frequency of operation ELO1 OR gates were used. For lower 
frequency applications a slower OR gate could replace the 
ELO1. Note that for a 16-bit divider the OR function feeding the 
PE (program enable) input CANNOT be replaced by a wire OR 
tie as the TC output of the least significant E016 must also feed 
the CE input of the most significant E016. If the two TC outputs 
were OR tied the cascaded count operation would not operate 
properly. Because in the cascaded form the PE feedback is 
external and requires external gating, the maximum frequency 
of operation will be significantly less than the same operation 
in a single device. 


Maximizing E016 Count Frequency 


The E016 device produces 9 fast transitioning single ended 
outputs, thus Vcc noise can become significant in situations 


where all of the outputs switch simultaneously in the same 
direction. This Vcc noise can negatively impact the maximum 
frequency of operation of the device. Since the device does 
not need to have the Q outputs terminated to count properly, 
itis recommended that if the outputs are not going to be used 
in the rest of the system they should be left unterminated. In 
addition, if only a subset of the Q outputs are used in the 
system only those outputs should be terminated. Not 
terminating the unused outputs will not only cut down the Vcc 
noise generated but will also save in total system power 
dissipation. Following these guidelines will allow designers to 
either be more aggressive in their designs or provide them 
with an extra margin to the published data book specifications. 
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MOTOROLA 


SEMICONDUCTOR 
TECHNICAL DATA 





Quad 4-Input OR/NOR Gate MC10E101 
The MC10E/100E101 is a quad 4-input OR/NOR gate. MC1 OOE1 01 


e 500ps Max. Propagation Delay 
e Extended 100E Veg Range of — 4.2V to — 5.46V 
e 75kQ Input Pulldown Resistors 





QUAD 4-INPUT 
Pinout: 28-Lead PLCC (Top View) OR/NOR GATE 
D3a D3h Dg Dgq Veco Q3 43 
ae ee 









& 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 776-02 





CT CT OI 
Dib Dia Dod Doc Dob a Veco 
* All Vcc and Vcco pins are tied together on the die. 


LOGIC DIAGRAM 





Doa 
Dob Qo PIN NAMES 
Doc Qo 
D 

od Data Inputs 
D, True Outputs 

a 

Inverting Outputs 

Dib Q1 g 2 
Dic Q 
Dig 
Dea 
Dab Q2 
Dac Qo 
Dod 
D3a 
D3p Q3 
D3¢ 03 
D3q 
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MC10E101 


DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VCCo = GND) 


Power Supply Current 
10E 


tPLH Propagation Delay to Output 
{PHL DtoQ 200 350 500 | 200 350 500 | 200 350 
tSKEW Within-Device Skew 
tSKEW Within-Gate Skew 
tr Rise/Fall Time 
tf 20 - 80% 
1. Within-device skew is defined as identical transitions on similar paths through a device. 
2. Within-gate skew is defined as the variation in propagation delays of a gate when driven from its different inputs. 
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MOTOROLA 
SEMICONDUCTOR Reon ee Ren as ee a ee aE 


TECHNICAL DATA 
Quint 2-Input AND/NAND Gate MC10E104 
The MC10E/100E104 is a quint 2-input AND/NAND gate. The function MC 1 OOE 1 04 


output F is the OR of all five AND gate outputs, while F is the NOR. The Q 
outputs need not be terminated if only the F outputs are to be used. 





600ps Max. Propagation Delay 
OR/NOR Function Outputs 
Extended 100E Veg Range of - 4.2V to — 5.46V QUINT 2-INPUT 
75kQ. Input Pulldown Resistors AND/NAND GATE 





Pinout: 28-Lead PLCC (Top View) 
D3a D4b Dga NC Veco FF 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 776-02 





LOGIC DIAGRAM 








F 
Dob Veco 99 OG Q 4 Veco F 
* All Vcc and Vcco pins are tied together on the die. 

Doa Qo 
D Q 
PIN NAMES o 0 
Data Inputs Dia Qy 
AND Outputs aa 

D 
NAND Outputs 1b oj 

OR Output 
NOR Output Doa Q» 
FUNCTION OUTPUTS Dab Qo 
F= (Doa*Dop) + (D1a * Db) + (D2a ¢ Dap) + 
(D3q * D3b) + (D4a * Dab) 

D3a Q3 
D3p Q3 
Daa Q4 
Dab Q4 
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MC10E104 


DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = VCco = GND) 


Power Supply Current 
10E 


Propagation Delay to Output 
DtoQ cps 385 600 | 225 385 
725 1000; 500 725 


tSKEW Within-Device Skew 
DtoQ 


Rise/Fall Times 
20 - 80% 

Q 

F 


1. Within-device skew is defined as identical transitions on similar paths through a device. 
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MOTOROLA 
SEMICONDUCTOR Picasa ace Roatan 2 ly Cee ee 


TECHNICAL DATA 
Quint 2-Input XOR/XNOR Gate MC10E107 
The MC10E/100E107 is a quint 2-input XOR/XNOR gate. The function MC 1 OOE 1 07 


output F is the OR of all five XOR outputs, while F is the NOR. The Q 
outputs need not be terminated if only the F outputs are to be used. 


600ps Max. Propagation Delay 
OR/NOR Function Outputs 
Extended 100E Veg Range of — 4.2V to — 5.46V QUINT 2-INPUT 
75kQ. Input Pulldown Resistors XOR/XNOR GATE 


Pinout: 28-Lead PLCC (Top View) 


D3a Dab Daa NC Veco F F 


7 & 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 776-02 





LOGIC DIAGRAM 





Dob Veco G7 A 4 Veco 
* All Vcc and Vcco pins are tied together on the die. 
Doa 


Dob 


PIN NAMES 


Data Inputs 
XOR Outputs 


XNOR Outputs 

OR Output 

NOR Output 
FUNCTION OUTPUTS 


F = (Dga © Dop) + (D1a © Dtp) (D2q ® Dap) + 
(Dgq ® D3p) + (D4a © Dap) 
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Dib 


Dea 


Dab 


die lett de 





MC10E107 


DC CHARACTERISTICS (Veg = VEE(min) to VEE(max); Voc = VCCo = GND) 


Power Supply Current 
10E 


Propagation Delay to Output 
DtoQ 


Rise/Fall Times 
20 - 80% 
Q 
F 


1. Within-device skew is defined as identical transitions on similar paths through a device. 
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MOTOROLA 


SEMICONDVOTOn o yyw 
TECHNICAL DATA 


1:9 Differential Clock Driver MC10E111 
MC100E111 


The MC10E/100E111 is a low skew 1-to-9 differential driver, designed 
with clock distribution in mind. It accepts one signal input, which can be 
either differential or else single-ended if the Vpp output is used. The signal 
is fanned out to 9 identical differential outputs. An enable input is also 
provided. A HIGH disables the device by forcing all Q outputs LOW and all 


Q outputs HIGH. 1:9 DIFFERENTIAL 
e Low Skew CLOCK DRIVER 


e Guarateed Skew Spec 

e Differential Design 

e VBB Output 

e Enable 

e Extended 100E Veg Range of —4.2 to -5.46V 
e 75kQ Input Pulldown Resistors 


The device is specifically designed, modeled and produced with low a 


skew as the key goal. Optimal design and layout serve to minimize gate to aa 





gate skew within-device, and empirical modeling is used to determine = 
process control limits that ensure consistent tpg distributions from lot to 
lot. The net result is a dependable, guaranteed low skew device. FN SUFFIX 
: ereaettarr : PLASTIC PACKAGE 
To ensure that the tight skew specification is met it is necessary that CASE 776-02 


both sides of the differential output are terminated into 50Q, even if only 
one side is being used. In most applications, all nine differential pairs will 
be used and therefore terminated. In the case where fewer than nine 
pairs are used, it is necessary to terminate at least the output pairs on the 
same package side (i.e. sharing the same VCco) as the pair(s) being 
used on that side, in order to maintain minimum skew. Failure to do this 





LOGIC SYMBOL 





will result in small degradations of propagation delay (on the order of Qo 

10-20ps) of the output(s) being used which, while not being catastrophic A 
to most designs, will mean a loss of skew margin. 

PIN NAMES ml 

Qy 

— Q2 

IN, IN Differential Input Pair a 

EN Enable 2 

Qg, Qo-Qg, Qg Differential Outputs Q3 

VBB VpBB Output Qa 

3 

Qo Q% QQ Voco &% Qe IN Q4 

IN Q4 

ae Q5 

EN Os 

Qg 

Q6 

Pinout: 28-Lead PLCC Q 

(Top View) Q7 

Qg 

VBB 8 
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MC10E111 


DC CHARACTERISTICS (VEE = VEE (min) to VEE (max); Voc = Veco = GND) 


Output Reference 
Voltage 10E 
100E 


Power Supply 
Current 10E 
100E 





. Differential input voltage required to obtain a full ECL swing on the outputs. 
VCMRIS defined as the range within which the Vj} level may vary, with the device still meeting the propagation delay specification. The Vj,_ level 
must be such that the peak to peak voltage is less than 1.0 V and greater than or equal to Vpp(min). 


AC CHARACTERISTICS (VEE = VEE (min) to VEE (max); Voc = VCCo = GND) 


“oc | oc | #6 | =e 
charceite [Win [Typ [Wax | win [te [Nox [win | Tym [ex] win [Tw [War 


tPLH Propagation Delay to 
tPHL Output IN (Diff) | 380 680 } 460 560 } 480 580 | 510 610 











IN (SE) | 280 780 | 410 610 | 430 630 | 460 660 
Enable | 400 900 | 450 850 | 450 850 | 450 850 
Disable | 400 900 {| 450 850 | 450 850 | 450 850 


fg | Seuptine EWow [e500 | [ewfo | aolo| eofo|] jm] s_ 
fy | Holstime woe] so [-200] | 0 |-2oo] | o [-eoo[ | 0 [20] | = | 6 
fig | Release ime Ero [250[ 100 | [500] 100 { [ooo] 100 | | ooo] soo] | os | 7 
ec 
[veeticy[ nim ieasung [aw [ [fea | | fan | [fof [ow | 
fest —_[ revtatne so [0 [en [or [oe [0 [rs [ars [oo [rs [oem [os | 


. The differential propagation delay is defined as the delay from the crossing points of the differential input signals to the crossing point of the 
differential output signals. (See Definitions and Testing of ECLinPS AC Parameters in this publication.) 

2. The single-ended propagation delay is defined as the delay from the 50% point of the input signal to the 50% point of the output signal. (See 
Definitions and Testing of ECLinPS AC Parameters in this publication.) 

3. Enable is defined as the propagation delay from the 50% point of a negative transition on EN to the 50% point of a positive transition on Q 
(or a negative transition on Q). Disable is defined as the propagation delay from the 50% point of a positive transition on EN to the 50% point 
of a negative transition on Q (or a positive transition on Q). 

4. The within-device skew is defined as the worst case difference between any two similar delay paths within a single device. 

5. The setup time is the minimum time that EN must be asserted prior to the next transition of IN/IN to prevent an output response greater than 
+75 mV to that IN/IN transition (see Figure 1). 

6. The hold time is the minimum time that EN must remain asserted after a negative going IN or a positive going IN to prevent an output response 
greater than +75 mV to that IN/IN transition (see Figure 2). 

7. The release time is the minimum time that EN must be deasserted prior to the next IN/IN transition to ensure an output response that meets 
the specified IN to Q propagation delay and output transition times (see Figure 3). 

8. Vpp(min) is defined as the minimum input differential voltage which will cause no increase in the propagation delay The Vpp(min) is AC limited 
for the E111 as a differential input as low as 50 mV will still produce full ECL levels at the output. 
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EN <75mV 
a= eens 4 
a ae 
T 
<75mV 
Figure 1. Setup Time 


<75mV 
ae 
f 
<75mV 
Figure 2. Hold Time 


Figure 3. Release Time 
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MC10E111 


MOTOROLA 
SEMICONDUCTOR ear a ET 
TECHNICAL DATA 


Quad Driver MC10E112 
The MC10E/100E112 is a quad driver with two pairs of OR/NOR MC1 OOE1 1 2 


outputs from each gate, and a common, buffered enable input. Using the 
data inputs the device can serve as an ECL memory address fan-out 
driver. Using just the enable input, the device serves as a clock driver, 
although the MC10E/100E111 is designed specifically for this purpose, 
and offers lower skew than the E112. For memory address driver 
applications where scan capabilities are required, please refer to the 


E212 device. QUAD DRIVER 





® 600ps Max. Propagation Delay 

e Common Enable Input 

e Extended 100E VEE Range of — 4.2V to — 5.46V 
® 75kQ Input Pulldown Resistors 


“ith 


Pinout: 28-Lead PLCC (Top View) 


FN SUFFIX 


Q3p 3a Q3p Q3a Veco Qe Qza fiat A aa 


2428 22 





LOGIC DIAGRAM 





NC Veco [a pb a Gob Veco 6 
* All Vcc and Vcco pins are tied together on the die. 


2 Qop 
PIN NAMES 'o cone, 


Do - D3 Data Inputs 


EN Enable Input 


Qna: Qnb True Outputs D3 Q3p 
Qna: Qnb Inverting Outputs ha ae 
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DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); VCC = VCCO = GND) 


Input HIGH Current 
D 


EN 


Power Supply Current 
10E 
100E 


Within-Device Skew 
Dn to Qn, Qr 
Qna to Qnb 


1. Within-device skew Is defined as identical transitions on similar paths through a device. 
2. Skew defined between common OR or common NOR outputs of a single gate. 
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MOTOROLA 


SEMICONDUCTOR a ee 
TECHNICAL DATA 


Quint Differential Line MC10E116 
Receiver MC100E116 


The MC10E/100E116 is a quint differential line receiver with 
emitter-follower outputs. An internally generated reference supply (VBB) 
is available for single-ended reception. 


500ps Max. Propagation Delay QUINT DIFFERENTIAL 
LINE RECEIVER 


VgBB Supply Output 

e Dedicated VCco Pin for Each Receiver 

e Extended 100E Veg Range of — 4.2V to — 5.46V 
75kQ Input Pulldown Resistors 


Active current sources plus a deep collector feature of the MOSAIC III 
process provide the receivers with excellent common-mode noise 
rejection. Each receiver has a dedicated VCCo supply lead, providing 
optimum symmetry and stability. 


The receiver design features clamp circuitry to cause a defined state if 
both the inverting and non-inverting inputs are left open; in this case the Q = 
output goes LOW, while the Q output goes HIGH. This feature makes the 
device ideal for twisted pair applications. FN SUFFIX 

; . ; pe fg : PLASTIC PACKAGE 

If both inverting and non-inverting inputs are at an equal potential of CASE 776-02 
>-2.5V, the receiver does not go to a defined state, but rather 
current-shares in normal differential amplifier fashion, producing output 
voltage levels midway between HIGH and LOW, or the device may even 
oscillate. 

The device Vpp output is intended for use as a reference voltage for single-ended reception of ECL signals to that device only. 
When using for this purpose, it is recommended that Vpp is decoupled to Vcc via a 0.01.F capacitor. Please refer to the interface 
section of the design guide for information on using the E116 in specialized applications. 


The E116 features input pull-down resistors, as does the rest of the ECLinPS family. For applications which require 
bandwidths greater than that of the E116, the E416 device may be of interest. 





Pinout: 28-Lead PLCC (Top View) 
D3 Dg 04 Vcoco 9% Vcco 
24 «-230C«ia2ks 


PIN NAMES 


Differential Input Pairs 


Differential Output Pairs 
Reference Voltage Output. 





Di} Dy Veco % Q Vcco % 
* All Vcc and Vcco pins are tied together on the die. 
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MC10E116 


LOGIC DIAGRAM 


Do Qo 
Do Qo 
Dy Qy 
Dy Qy 
Do Qo 
Da Q2 
D3 Q3 
Dg Q3 
D4 Q4 
Dg 4 
VBB as—7 


Output Reference 
Voltage 10E 
100E 


VBB 
IH Input HIGH 
Current 
Power Supply 
Current 10E 


100E 


VCMR Commom Mode -2.0 -0.6 | -2.0 -0.6 -2.0 -06 Vv 2 
Range 


1. Differential input voltage required to obtain a full ECL swing on the outputs. 
2. VCMRis defined as the range within which the Vj} level may vary, with the device still meeting the propagation delay specification. The Vj_ level 
must be such that the peak to peak voltage is less than 1.0 V and greater than or equal to Vpp(min). 





AC CHARACTERISTICS (VEE = VEE (min) to VEE (max); VCC = VCCOo = GND) 


Characteristic 


| min | Te | Mex | win | te | wax | 


tPLH Propagation Delay to Output 
{PHL D (Differential) 300 200 300 450 
D (Single-Ended) 300 150 300 500 
ae ee ee ee ee ee 


Within-Device Skew 















skew | Duy Oyse Skew pn-af | 0 | || 0 | [es] 2 | 
[veptAG) | Mirimuminputswing st | ~<a | | dP 


1. Within-device skew is defined as identical transitions on similar paths through a device 

2. Duty cycle skew is defined only for differential operation when the delays are measured from the cross point of the inputs to the cross point 
of the outputs. 

3. Minimum input swing for which AC parameters are guaranteed. 
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MOTOROLA 


SEMICONDUQ)1Q)  — www 
TECHNICAL DATA 


9-Bit Buffer MC10E122 
The MC10E/100E122 is a 9-bit buffer. The device contains nine MC1 OOE1 22 


non-inverting buffer gates. 





® 500ps Max. Propagation Delay 
e Extended 100E Veg Range of — 4.2V to -— 5.46 V 
e 75kQ Input Pulldown Resistors 


9-BIT BUFFER 


Pinout: 28-Lead PLCC (Top View) 


Dg NC NC Vcoco NC Qg Veco 
en Ee en ee ee 
24 «86230622 sd 






FN SUFFIX 
15] | Qs PLASTIC PACKAGE 
CASE 776-02 





Di Do Veco QS Veco Q LOGIC DIAGRAM 


* All Vcc and Vcco pins are tied together on the die. Do | > Qo 


PIN NAMES D3 | oe Q3 
D4 — > 1% 


Do ~ Dg Data Inputs 

Qo - Og Ds —_>— Q5 
D7 —_>— Q7 
Dg —_>— Qg 






Data Outputs 
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MC10E122 


DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VCCO = GND) 


Input HIGH Current 


Power Supply Current 
10E 
100E 


tPLH Propagation Delay to Output 
tPHL DtoQ 150 350 500] 150 350 500] 150 350 500 
— | 














tSKEW Within-Device Skew 
DtoQ 75 75 
tr Rise/Fall Times 
tf 20 - 80% 3 800 | 300 425 800 |; 300 425 800 


1. Within-device skew is defined as identical transitions on similar paths through a device. 
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MOTOROLA 


SEMICONDUCTOR Fae aes ee le ae P| 
TECHNICAL DATA 


4-Bit D Flip-Flop MC10E131 


differential outputs. Each flip-flop may be clocked separately by holding 
Common Clock (Cc) LOW and using the Clock Enable (CE) inputs for 
clocking. Common clocking is achieved by holding the CE inputs LOW 
and using C¢ to clock all four flip-flops. In this case, the CE inputs perform 
the function of controlling the common clock, to each flip-flop. 


controls (S) are ganged together in pairs, with the pairing chosen to 


The MC10E/100E131 is a quad master-slave D-type flip-flop with MC1 OOE1 31 


Individual asynchronous resets are provided (R). Asynchronous set 4-BIT 


reflect physical chip symmetry. D FLIP-FLOP 


to the slave when either Cc or CE (or both) go HIGH. 


PIN NAMES 





Data enters the master when both Cc and CE are LOW, and transfers 





1100MHz Min. Toggle Frequency 

Differential Outputs 

Individual and Common Clocks 

Individual Resets (asynchronous) 

Paired Sets (asynchronous) 

Extended 100E Veg Range of ~ 4.2V to — 5.46V 


75kQ Input Pulldown Resistors FN SUFFIX 


PLASTIC PACKAGE 
CASE 776-02 
Pinout: 28-Lead PLCC (Top View) 


R3 Do CEs 
= ie ee 
25 24 23 





Ro Veco 3 03 
= L__ | |__ 
22 21 20 19 

18] | Qo LOGIC DIAGRAM 





* All Vcc and Vcco pins are tied together on the die. 


Data Inputs 
Clock Enables (Individual) 
Resets 


Common Clock 
Sets (paired) 
True Outputs 
Inverting Outputs 
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MC10E131 


DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VCCo = GND) 


ee 
Characteristic Min Typ Max | Min Typ Max } Min Typ Max | Min Typ Max 
Input HIGH 


Current 
















Power Supply 
Current 10E 
100E 






AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VCCo = GND) 










a ee 


Fiuax | MawmumTeagie Fequeney | sooo | 100 | 100 | 100] [wre | 


CE} 310 600 750 360 500 700 
275 600 725 325 500 675 
300 625 775 350 550 725 
300 550 775 350 550 725 
ees i ee 
tpw 



















ltaR | Reset Recovery Time 


EE 3 el A 


1. Setup/hold times guaranteed for both Cc and CE. 
2. Within-device skew Is defined as identical transitions on similar paths through a device. 
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TECHNICAL DATA 


6-Bit Universal Up/Down 
Counter 


The MC10E/100E136 is a 6-bit synchronous, presettable, cascadable 
universal counter. The device generates a look-ahead-carry output and 
accepts a look-ahead-carry input. These two features allow for the 
cacading of multiple E136’s for wider bit width counters that operate at 
very nearly the same frequency as the stand alone counter. 


e 550 MHz Count Frequency 

e Fully Synchronous Up and Down Counting 

e Internal 75 kQ Input Pulldown Resistors 

e Look-Ahead-Carry Input and Output 

e Asynchronous Master Reset 

e Extended 100E VEE Range of -4.2 V to -5.46 V 


The CLOUT output will pulse LOW for one clock cycle one count 
before the E136 reaches terminal count. The COUT output will pulse 
LOW for one clock cycle when the counter reaches terminal count. For 
more information on utilizing the look-ahead-carry features of the device 
please refer to the applications section of this data sheet. The differential 
COUT output facilitates the E136’s use in programmable divider and 
self-stopping counter applications. 


Unlike the H136 and other similar universal counter designs the E136 


MC10E136 
MC100E136 


6-BIT UNIVERSAL 
UP/DOWN COUNTER 


& 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 776-02 


carry out and look-ahead-carry out signals are registered on chip. This 
design alleviates the glitch problem seen on many counters where the 
carry out signals are merely gated. Because of this architecture there are some minor functional differences between the E136 
and H136 counters. The user, regardless of familiarity with the H136, should read this data sheet carefully. Note specifically (see 
logic diagram) the operation of the carry out outputs and the look-ahead-carry in input when utilizing the master reset. 

When left open all of the input pins will be pulled LOW via an input pulldown resistor. The master reset is an asynchronous 
signal which when asserted will force the Q outputs LOW. 


The Q outputs need not be terminated for the E136 to function properly, in fact if these outputs will not be used in a system it is 
recommended to save power and minimize noise that they be left open. This practice will minimize switching noise which can 
reduce the maximum count frequency of the device or significantly reduce margins against other noise in the system. 





PIN NAMES Pinout: 28-lead PLCC (Top View) 
D3 D4 D5 Veco 8 Q4 Voco 


Preset Data Inputs 
Data Inputs 

Mode Control Pins 
Master Reset 


Clock Input 

Carry-Out Output (Active LOW) 
Look-Ahead-Carry Out (Active LOW) 
Carry-In Input (Active LOW) 
Look-Ahead-Carry In Input (Active LOW) 





FUNCTION TABLE (Expanded truth table on page 2-29) 


Preset Parallel Data 
Increment (Count Up) 
Hold Count 

Decrement (Count Down) 
Hold Count 

Hold Count 

Reset (Qn = LOW) 





L 
L 
L 
L 
L 
L 
H 


MR D1 DO Vcco @0 Qt Veco 
* All Vcc and Vcco pins are tied together on the die. 
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Note that this diagram is provided for understanding of logic operation only. It should not be used for propagation delays as many gate functions 
are achieved internally without incurring a full gate delay. 


COUT 
COUT 


CLOUT 


9ELS0LOW 


MC10E136 


DC CHARACTERISTICS (Veg = VeE(min) to VeE(max); Voc = VCCo = GND) 


ee 
[cums | Ye 


TinputHiGH Current | | 150 | ae 


Power Supply Current 
10E 125 125 150 125 150 
125 125 150 140 170 

AC CHARACTERISTICS (Veg = VeE(min) to ‘=e Voc = Veco = GND) 


100E 
a ee ae ee ee 
st [i [| i [ww | | coin 
| = | 550 | 650 | 


> [ar | [0 J 
ima cort rosea teow] oo] om | [seo | ot aces 


































Propagation Delay to Output tPLH 
CLK toQ {PHL 
MR toQ 
CLK to COUT 
CLK to CLOUT 
- iz 
th 
150 } -200 
150 | -250 
300 0 
150 | -250 






[Reset Recovery time | tan [1000] 700 | — | 1000 | 700] — [roo] 7 |— || | 


Minimum Pulse Width tpw 
CLK, MR 700 | 400 700 | 400 700 | 400 
Rise/Fall Times tr 
COUT tf 275 600 | 275 600 | 275 600 20% - 80% 
Other 300 700 | 300 700 | 300 700 
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MC10E136 


EXPANDED TRUTH TABLE 


COUT CLOUT 


So 
So 
5 al 
o 
N 
o 
o 
o 
zt 
o 
Te) 
o 
Oo 
Q 
5 od 
Qa 
N 
a 
o 
a 
st 
a 
w 
(=) 
< 
-/ 
Oo 
2 
= 


IDrirririre 


ae 2 ed et 


GroeHssds4ns 


ee ee ee ee ee ee 


a ee ee ee ee ee ee | 


pe ee ee ee ee ee ee ee | 


a ee ee ee ee ee ee 


pas ee ees eee ree ee ee ee | 
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mM KK KK KK OK 
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af Joo oH! I 
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Low to High Transition 


Z= 
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MC10E136 


APPLICATIONS INFORMATION 


Overview 

The MC10E/100E136 is a 6-bit synchronous, presettable, 
cascadable universal counter. Using the S1 and S2 control 
pins the user can select between preset, count up, count 
down and hold count. The master reset pin will reset the 
internal counter, and set the COUT, CLOUT, and CLIN 
flip-flops. Unlike previous 136 type counters the carry out 
outputs will go to a high state during the preset operation. In 
addition since the carry out outputs are registered they will 
not go low if terminal count is loaded into the register. The 
look-ahead-carry out output functions similarly. 


Note from the schematic the use of the master information 
from the least significant bits for control of the two carry out 
functions. This architecture not only reduces the carry out 
delay, but is essential to incorporate the registered carry out 
functions. In addition to being faster, because these functions 
are registered the resulting carry out signals are stable and 
glitch free. 








Cascading Multiple E136 Devices 

Many applications require counters significantly larger 
than the 6 bits available with the E136. For these applications 
several E136 devices can be cascaded to increase the bit 
width of the counter to meet the needs of the application. 

in the past cascading several 136 type universal counters 
necessarily impacted the maximum count frequency of the 
resulting counter chain. This performance impact was the 


result of the terminal count signal of the lower order counters 
having to ripple through the entire counter chain. As a result 
past counters of this type were not widely used in large bit 
counter applications. 


An alternative counter architecture similar to the E016 
binary counter was implemented to alleviate the need to 
ripple propagate the terminal count signal. Unfortunately 
these types of counters require external gating for cascading 
designs of more than two devices. In addition to requiring 
additional components, these external gates limit the 
cascaded count frequency to a value less than the free 
running count frequency of a single counter. Although there Is 
a performance impact with this type of architecture it is minor 
compared to the impact of the ripple propagate designs. Asa 
result the E016 type counters have been used extensively in 
applications requiring very high speed, wide bit width 
synchronous counters. 

Motorola has incorporated several improvements to past 
universal counter designs in the E136 universal counter. 
These enhancements make the E136 the unparalleled leader 
in its class. With the addition of look-ahead-carry features on 
the terminal count signal, very large counter chains can be 
designed which function at very nearly the same clock 
frequency as a single free running device. More importantly 
these counter chains require no external gating. Figure 1 
below illustrates the interconnect scheme for using the 
look-ahead-carry features of the E136 counter. 





111101 111110 


111111 


000000 000001 


COUT as. eC i 


Figure 1. 24-bit Cascaded E136 Counter 
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Figure 2. Look-Ahead-Carry Input Structure 


Note from the waveforms that the look-ahead-carry output 
(CLOUT) pulses low one clock pulse before the counter 
reaches terminal count. Also note that both CLOUT and the 
carry out pin (COUT) of the device pulse low for only one 
clock period. The input structure for look-ahead-carry in 
(CLIN) and carry in (CIN) is pictured in Figure 2. 

The CLIN input is registered and then ORed with the CIN 
input. From the truth table one can see that both the CIN and 
the CLIN inputs must be in a LOW state for the E136 to be 
enabled to count (either count up or count down). The CLIN 
inputs are driven by the CLOUT output of the lowest order 
E136 and therefore are only asserted for a single clock 
period. Since the CLIN input is registered it must be asserted 
one clock period prior to the CIN input. 


If the counter previous to a given counter is at terminal 
count its COUT output and thus the CIN input of the given 
counter will be in the “LOW” state. This signals the given 
counter that it will need to count one upon the next terminal 
count of the least significant counter (LSC). The CLOUT 
output of the LSC will pulse low one clock period before it 
reaches terminal count. This CLOUT signal will be clocked 
into the CLIN input of the higher order counters on the 
following positive clock transition. Since both CIN and CLIN 
are in the LOW state the next clock pulse will cause the least 
significant counter to roll over and all higher order counters, if 
signaled by their CIN inputs, to count by one. 


























Q0 -> Q5 





DO -> D5 


Figure 3. 6-bit Programmable Divider 





MC10E136 


During the clock pulse in which the higher order counter is 
counting by one the CLIN is clocking in the high signal 
presented by the CLOUT of the LSC. The CIN’s in the higher 
order counter will ripple propagate through the chain to 
update the count status for the next occurrence of terminal 
count on the LSC. This ripple propagation will not affect the 
count frequency as it has 25-1 or 63 clock pulses to ripple 
through without affecting the count operation of the chain. 


The only limiting factor which could reduce the count 
frequency of the chain as compared to a free running single 
device will be the setup time of the CLIN input. This limit will 
consist of the CLK to CLOUT delay of the E136 plus the CLIN 
setup time plus any path length differences between the 
CLOUT output and the clock. 


Programmable Divider 

Using external feedback of the COUT pin, the E136 can be 
configured as a programmable divider. Figure 3 illustrates the 
configuration for a 6-bit count down programmable divider. If 
for some reason a count up divider is preferred the COUT 
signal is simply fed back to S2 rather than S1. Examination of 
the truth table for the E136 shows that when both S1 and S2 
are LOW the counter will parallel load on the next positive 
transition of the clock. If the S2 input is low and the S11 input is 
high the counter will be in the count down mode and will 
count towards an all zero state upon successive clock 
pulses. Knowing this and the operation of the COUT output it 
becomes a trivial matter to build programmable dividers. 


For a programmable divider one wants to load a 
predesignated number into the counter and count to terminal 
count. Upon terminal count the counter should automatically 
reload the divide number. With the architecture shown in 
Figure 3 when the counter reaches terminal count the COUT 
output and thus the $1 input will go LOW, this combined with 
the low on S2 will cause the counter to load the inputs 
present on DO-D5. Upon loading the divide value into the 
counter COUT will go HIGH as the counter is no longer at 
terminal count thereby placing the counter back into the 
count mode. 


























Table 1. Preset Inputs Versus Divide Ratio 


Divide Preset Data Inputs 
Ratio D5 D4 D3 D2 D1 bo 


Ttrteerrree reer 
Trreerrreenmrrrn 
Trreerttroee Treree 
Trireerrtee mH Tir 
Irmeetrrteerirs 


L 
L 
L 
L 
e 
e 
H 
H 
H 
e 
e 
H 
H 
H 
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MC10E136 


LOAD 100100 100011 


CLOCK 


$1 


COUT 


000011 000010 000001 000000 LOAD 


DIVIDE BY 37 


Figure 4. Programmable Divider Waveforms 


The exercise of building a programmable divider then 
becomes simply determining what value to load into the 
counter to accomplish the desired division. Since the load 
operation requires a clock pulse, to divide by N, N—1 must be 
loaded into the counter. A single E136 device is capable of 
divide ratios of 2 to 64 inclusive, Table 1 outlines the load 
values for the various divide ratios. Figure 4 presents the 
waveforms resulting from a divide by 37 operation. Note that 
the availability of the COUT complimentary output COUT 
allows the user to choose the polarity of the divide by output. 


For single device programmable counters the E016 
counter is probably a better choice than the E136. The E016 
has an internal feedback to control the reloading of the 
counter, this not only simplifies board design but also will 
result in a faster maximum count frequency. 





For programmable dividers of larger than 8 bits the 
superiority of the E016 diminishes, and in fact for very wide 
dividers the E136 will provide the capability of a faster count 
frequency. This potential is a result of the cascading features 
mentioned previously in this document. Figure 5 shows the 
architecture of a 24-bit programmable divider implemented 
using E136 counters. Note the need for one external gate to 
control the loading of the entire counter chain. An ideal 
device for the external gating of this architecture would be the 
4-input OR function in the 8-lead SOIC ECLinPS Lite™ family. 
However the final decision as to what device to use for the 
external gating requires a balancing of performance needs, 
cost and available board space. Note that because of the 
need for external gating the maximum count frequency of a 
given sized programmable divider will be less than that of a 
single cascaded counter. 





Figure 5. 24-bit Programmable Divider Architecture 
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TECHNICAL DATA 


8-Bit Ripple Counter MC10E137 
The MC10E/100E137 is a very high speed binary ripple counter. The MC1 OOE 1 37 


two least significant bits were designed with very fast edge rates while the 
more significant bits maintain standard ECLinPS™ output edge rates. 
This allows the counter to operate at very high frequencies while 
maintaining a moderate power dissipation level. 


e 1.8GHz Minimum Count Frequency 
e Differential Clock Input and Data Output Pins 8-BIT RIPPLE 
© Vpp Output for Single-Ended Use COUNTER 

e Internal 75kQ Input Pulldown Resistors 

e Synchronous and Asynchronous Enable Pins 

e Asynchronous Master Reset 

e Extended 100E Veg Range of -4.2V to -5.46V 


The device is ideally suited for multiple frequency clock generation as 
well as a counter in a high performance ATE time measurement board. 


Both asynchronous and synchronous enables are available to 
maximize the device’s flexibility for various applications. The 
asynchronous enable input, A_Start, when asserted enables the counter EN SUFFIX 
while overriding any synchronous enable signals. The E137 features PLASTIC PACKAGE 
XORed enable inputs, EN1 and EN2, which are synchronous to the CLK CASE 776-02 
input. When only one synchronous enable is asserted the counter 
becomes disabled on the next CLK transition; all outputs remain in the 
previous state poised for the other synchronous enable or A_Start to be 
asserted to re-enable the counter. Asserting both synchronous enables 
causes the counter to become enabled on the next transition of the CLK. 
If EN1 (or EN2) and CLK edges are coincident, sufficient delay has been Fpin | FuNcTON =— 
inserted in the CLK path (to compensate for the XOR gate delay and the 
internal D-flip flop setup time) to insure that the synchronous enable CLK, CLK Differential Clock Inputs 
signal is clocked correctly, hence, the counter is disabled. Q0-Q7, Q0-Q7 | Differential Q Outputs 

The E137 can also be driven single-endedly utilizing the Vgp output A_Start Asynchronous Enable Input 
supply as the voltage reference for the CLK input signal. If a single-ended EN1, EN2 Synchronous Enable Inputs 
signal is to be used the Vpp pin should be connected to the CLK input and MR Asynchronous Master Reset 
bypassed to ground via a 0.01nF capacitor. Vag can only source/sink VBB Switching Refernce Output 
0.5mA, therefore it should be used as a switching reference for the E137 
only. 

All input pins left open will be pulled LOW via an input pulldown resistor. Therefore, do not leave the differential CLK inputs 
open. Doing so causes the current source transistor of the input clock gate to become saturated, thus upsetting the internal! bias 
regulators and jeopardizing the stability of the device. 


The asynchronous Master Reset resets the counter to an all zero state upon assertion. 





PIN NAMES 







LOGIC DIAGRAM 
A Start 


EN1 
EN2 


Qo Q0 


CLK 
CLK 


Vea <—_———— 





MR 
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MC10E137 


Pinout: 28-Lead PLCC (Top View) 





MR Vcco Q0 


* All Vcc and Vcco pins are tied together on the die. 





SEQUENTIAL TRUTH TABLE 
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MC10E137 


DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VCCO = GND) 


Character a [a [| | 
VBB 


Output Reference Voltage 
10E -1 38 : : -1 25 |-1 31 
100E -1. es : ~1 re -1 ao ae 
Input HIGH Current 


| 150 | 
Power Supply Current 
10E 121 145 121 145 121 145 
100E 121 145 121 145 139 | 167 


AC CHARACTERISTICS (Veg = VEE(min) to VEE(max); Voc = wooo" = GND) 


[oo [ae 
aan 
count | wonrumGaunFrewerey | ve00 [2200 | [eon [e200 [ —[reoo feof [wme[ | 


tPLH Propagation Delay to Output 

tPHL CLK to QO 
CLK to Q1 
CLK to Q2 
CLK to Q3 
CLK to Q4 
CLK to Q5 
CLK to Q6 
CLK to Q7 
A_Start to QO 
MR to QO 


oe ee 


ith | Hold | Hold Time (EN1,EN2) | | Hold Time (EN1,EN2) | EN2) | 150 | 


ff he Recovery Time 

MR, A_Start 400 200 400 200 400 200 
Minimum Pulse Width 

CLK, MR, A_Start 400 ae 


Referens — [| fae Ss el ol lo 


Rise/Fall Times 20%-80% 
Q0,Q1 150 400 150 400 150 400 
Q2 to Q7 275 600 275 600 275 600 


1 Minimum input swing for which AC parameters are guaranteed. Full OC ECL output swings will be generated with only SOmV input swings. 
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MOTOROLA 


SEMICONDUCTOR ee eee a 
TECHNICAL DATA 


8-Bit Shift Register MC10E141 
The MC10E/100E141 is an 8-bit full-function shift register. The E141 MC1 OOE1 41 


performs serial/parallel in and serial/parallel out, shifting in either 
direction. The eight inputs Dg-—D7 accept parallel input data, while 
DL/DR accept serial input data for left/right shifting. The Qn outputs do 
not need to be terminated for the shift operation to function. To minimize 
noise and power, any Q output not used should be left unterminated. 


e 700MHz Min. Shift Frequency 8-BIT SHIFT 
Wee REGISTER 


e Full-Function, Bi-Directional 

e Asynchronous Master Reset 

@ Pin-Compatible with E241 

e Extended 100E Veg Range of — 4.2V to — 5.46V 
e 75kQ Input Pulldown Resistors 


The select pins, SELO and SEL1, select one of four modes of 
operation: Load, Hold, Shift Left, Shift Right, according to the Function 
Table. 


Input data is accepted a set-up time before the positive clock edge. A 


HIGH on the Master Reset (MR) pin asynchronously resets all the 
registers to zero. 


FN SUFFIX 
PLASTIC PACKAGE 


Pinout: 28-Lead PLCC (Top View) CASE 776-02 
SELO DL D7 Dg Ds Veco Q7 
atea SO os re HO cs 

24 23 22st 20 





171] Os FUNCTION TABLE 


[seto [sett | Funston 


Load 

Shift Right (Dp to Dn+1) 
Shift Left (Dp to Dp —4) 
Hold 







PIN NAMES 


121] Q3 Do — D7 Parallel Data Inputs 
DL, DR Serial Data Inputs 
SELO,SEL1 | Mode Select In Inputs 
CLK Clock 

Qo - Q7 Data Outputs 

Master Reset 


D2 03 D4 Veco 9% % Q 
* All Vcc and Vcco pins are tied together on the die. MR 


EXPANDED FUNCTION TABLE 





DR SELO SEL1 MR 
Load 
Shift Right 
Shift Left 


Hold 


Der rr ree 
XxNNNNNNN 


X X 
X L 
X H 
L X 
H X 
X X 
X X 
X x 


Reset 
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MC10E141 


LOGIC DIAGRAM 


— — — — DL 


BITS 1-6 





Input HiGH Current 150 


| Power Supply Current 


10E 

100E 
Symbol Characteristic | min typ — max | min typ 
fSHIET Max. Shift Frequency 700 900 700 900 


tPLH Propagation Delay To Output 
tPHL Clk 
MR 
i Setup Time 
SEL1 
Reset Recovery Time 900 700 


D 

Minimum Pulse Width 

Clk, MR 400 400 
300 525 



































D 
SELO 








SELO 
tsKEW Within-Device Skew 


SEL1 
th 
tpw 
tr Rise/Fall Times 
tf 20 - 80% 800 300 525 800 | 300 525 


Hold Time 
1. Within-device skew is defined as identical transitions on similar paths through a device 
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MOTOROLA 


SEMICONDUCTOR 


TECHNICAL DATA 
9-Bit Shift Register 


The MC10E/100E 142 is a 9-bit shift register, designed with byte-parity 
applications in mind. The E142 performs serial/parallel in and 
serial/parallel out, shifting in one direction. The nine inputs DO — D8 
accept parallel input data, while S-IN accepts serial input data. The Qn 
outputs do not need to be terminated for the shift operation to function. To 
minimize noise and power, any Q output not used should be left 
unterminated. 

e@ 700MHZ Min. Shift Frequency 

e 9-Bit for Byte-Parity Applications 

e Asynchronous Master Reset 

e Dual Clocks 

e Extended 100E Veg Range of — 4.2V to — 5.46V 
@ 75kQ Input Pulldown Resistors 


The SEL (Select) input pin is used to switch between the two modes of 
operation — SHIFT and LOAD. The shift direction is from bit 0 to bit 8. 
Input data is accepted by the registers a set-up time before the positive 
going edge of CLK1 or CLK2; shifting is also accomplished on the positive 
clock edge. A HIGH on the Master Reset pin (MR) asynchronously resets 
all the resisters to zero. 


Pinout: 28-Lead PLCC (Top View) 
SEL Dg D7 Dg Ds Veco Qs 


23 22 oat 





Dg Dg D4 Veco 9% % 
* All Vcc and Vcco pins are tied together on the die. 
PIN NAMES 


Do - Dg Parallel Data Inputs 
S-IN Serial Data Input 
SEL Mode Select Input 
CLK1,CLK2 | Clock Inputs 
Master Reset 


Data Outputs 
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MC10E142 
MC100E142 


9-BIT SHIFT 
REGISTER 


a 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 776-02 


LOGIC DIAGRAM 
S-IN 


Do 
Dy 


Do 


CLK1 
CLK2 


MR 








MC10E142 


DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VoCo = GND) 


i Input HIGH Current 


Power Supply Current 
10E 120 145 120 145 
100E 120 145 120 145 





AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VCCO = GND) 


tPLH Propagation Delay to Output 
tPHL Clk 
MR 


Setup Time 
D —100 50 —100 
150 300 150 


Hold Time 
D 300 100 300 100 
SEL 75 -150 75 -150 




















Reset Recovery Time | 900 700 | 900 700 
Minimum Pulse Width 
Clk, MR 400 400 


: Rise/Fall Times 
20 - 80% 800 | 300 525 800 


1. Within-device skew Is defined as identical transitions on similar paths through a device. 
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MOTOROLA 


SEMICONDUQTQ?)  — www 
TECHNICAL DATA 


9-Bit Hold Register MC10E143 
The MC10E/100E143 is a 9-bit holding register, designed with MC1 OOE1 43 


byte-parity applications in mind. The E143 holds current data or loads 
new data, with the nine inputs DO — D8 accepting parallel input data. 


e 700MHz Min. Operating Frequency 
e 9-Bit for Byte-Parity Applications 
e Asynchronous Master Reset 9-BIT HOLD 
¢ Dual Clocks REGISTER 
e Extended 100E Veg Range of — 4.2V to — 5.46V 
e 75kQ Input Pulldown Resistors 

The SEL (Select) input pin is used to switch between the two modes of 
operation — HOLD and LOAD. Input data is accepted by the registers a 


set-up time before the positive going edge of CLK1 or CLK2. A HIGH on 
the Master Reset pin (MR) asynchronously resets all the registers to zero. 


Pinout: 28-Lead PLCC (Top View) 
SEL Dg Dz Dg 05 Veco Qs 


FN SUFFIX 
24 23 22 21 


PLASTIC PACKAGE 
18] | Q7 CASE 776-02 





16| | voc LOGIC DIAGRAM 












ey Ee ba ES 
Do D3 D4 Veco 9% % 
* All Vcc and Vcco pins are tred together on the die. 


PIN NAMES 


Do — Dg Parallel Data Inputs 
SEL Mode Select Input 


CLK1, CLK2 Clock Inputs 
Master Reset 
Data Outputs 
No Connection 
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MC10E143 


DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VCCO = GND) 


a ee 
Input HIGH Current 15 


eS ee 
ol ae 













Power Supply Current 
10E 
100E 







120 145 120 145 120 8145 
120 145 120 145 138 165 










AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VCCO = GND) 
tPLH Propagation Delay to Output 
tPHL Clk 600 800 1000 
MR 600 800 1000 
ts Setup Time 
D 50 -100 50 -100 50 -100 
00 150 300 150 300 =150 
th i 
00 
7 5 
ltaR Reset Recovery Time 00 700 900 
tpw Minimum Pulse Width 
Clik, MR 00 400 400 
‘Devi 
tr Rise/Fall Times 
tf 20 - 80% 300 525 800 | 300 800 
1. Within-device skew ts defined as identical transitions on similar paths through a device. 





300 


fMAX Max. Toggle Frequency 700 900 700 = =900 700 900 
3 id 
Hold Time 
D 3 100 300 100 300 100 
SEL 5  —-150 7 ~150 75 -150 
700 ree | 
4 pe 
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MOTOROLA 
SEMICONDUCTOR ie eet ome el 
TECHNICAL DATA 


The MC10E/100E150 contains six D-type latches with differential MC1 OOE1 50 


outputs. When both Latch Enables (LEN1, LEN2) are LOW, the latch is 
transparent and input data transitions propagate through to the output. A 
logic HIGH on either LEN1 or LEN2 (or both) latches the data. The Master 
Reset (MR) overrides all other controls to set the Q outputs low. 





e 800ps Max. Propagation Delay 
° Extended 100E VEE Range of — 4.2V to — 5.46V 6-BIT D LATCH 
@ 75kQ Input Pulldown Resistors 


LOGIC DIAGRAM 


& 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 776-02 





Pinout: 28-Lead PLCC (Top View) 
MR LEN2 LENt NC Veco Q5 Qs5 


22 


Do- Ds Data Inputs 
LEN1, LEN2 Latch Enables 
MR Master Reset 





NC Vcco Qo Q Q Q Veco 


Qo - Q5 True Outputs 
Qo - 85 Inverting Outputs * All Vcc and Vcco pins are tied together on the die. 
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MC10E150 


DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = Veco = GND) 


Input HIGH Current 
D 


LEN, MR 


Power Supply Current 
10E 
100E 





AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VCCO = GND) 


Propagation Delay to Output 
D 





as Time 
— 50 -— 50 -—50 


Reset Recovery Time 


Minimum Pulse Width 
MR 


Within-Device Skew 


Rise/Fall Times 
20 - 80% 


1. Within-device skew is defined as identical transitions on similar paths through a device. 
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MOTOROLA 


SEMICONDUCTOR acs aE oe a en ed ee el 
TECHNICAL DATA 


6-Bit D Register MC10E151 


The MC10E/100E151 contains 6 D-type, edge-triggered, master-slave MC 1 OOE 1 5 1 


flip-flops with differential outputs. Data enters the master when both CLK1 
and CLK2 are LOW, and is transferred to the slave when CLK1 or CLK2 
(or both) go HIGH. The asynchronous Master Reset (MR) makes all Q 
outputs go LOW. 


@ 1100MHz Min. Toggle Frequency 
¢ Differential Outputs 6-BIT D REGISTER 
e Asynchronous Master Reset 

e Dual Clocks 

e Extended 100E Vee Range of — 4.2V to — 5.46V 
@ 75kQ Input Pulldown Resistors 





LOGIC DIAGRAM 


Do 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 776-02 


Dy 





Do 


D3 


Pinout: 28-Lead PLCC (Top View) 
MR CLK2 CLKt NC Vcco Q5 Qs5 


D4 4 +«223~C« 


Ds 


CLK1 
CLK2 


MR 





PIN NAMES 


Do ~ Ds Data Inputs 
CLK1,CLK2 | Clock Inputs NC Vcco Q9 Q@ QQ Q Veco 





MR Master Reset 


* All Voc and V ins are tiled together on the die. 
Qo - Q5 True Outputs ue yer : 


Q9-O5 Inverted Outputs 
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MC10E151 


DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VCCO = GND) 


Power Supply Current 


10E 


See ae CC 


MAX Max. Toggle Frequency 1100 1400 1100 1400 1100 1400 a 


Propagation Delay to Output 7 
ce 


ee Time 

-175 -175 -175 
pes Time 

1 ees a 75 1 Pe ee 


= Reset Recovery Time 


Minimum Pulse Width 
CLK, MR 


tskKEw | Within-Device Skew 


tr Rise/Fall Times 
tf 20 - 80% 300 450 700 | 300 450 700 | 300 450 #700 


1. Within-device skew is defined as tdentical transitions on similar paths through a device. 
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MOTOROLA 


SEMICONDUCTOR ee 


TECHNICAL DATA 
5-Bit 2:1 Mux-Latch 


The MC10E/100E154 contains five 2:1 multiplexers followed by 
transparent latches with differential outputs When both Latch Enables 
(LEN1, LEN2) are LOW, the latch is transparent, and output data is 
controlled by the multiplexer select control, SEL. A logic HIGH on either 
LEN1 or LEN2 (or both) latches the outputs. The Master Reset (MR) 
overrides all other controls to set the Q outputs LOW. 


e 850ps Max. LEN to Output 

e 825ps Max. D to Output 

© Differential Outputs 

e Asynchronous Master Reset 

Dual Latch-Enables 

Extended 100E Veg Range of — 4.2V to — 5.46V 
75kQ. Input Pulldown Resistors 


Pinout: 28-Lead PLCC (Top View) 
D4p Dg4a Dgp Dga Veco Q4 Q 


23 22 21 





Dia Dib Dza Dab Veco % Qo 
* All Vcc and Vcco pins are tied together on the die. 


PIN NAMES 


Doa - Daa Input Data a 
Dob - Dab Input Data b 
SEL Data Select tnput 


LEN1, LEN2 Latch Enables 
MR Master Reset 


Q9-Q4 True Outputs 
Qo - G4 Inverted Outputs 


TRUTH TABLE 





MC10E154 
MC100E154 


5-BIT 2:1 
MUX-LATCH 





& 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 776-02 





LOGIC DIAGRAM 
Doa 


Dob 


Dia 


Dib 


Dea 


Deb 


D3a 


D3b 


Daa 


Dab 


SEL 


LEN1 
LEN2 


MR 
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MC10E154 


DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VCCo = GND) 


Power Supply Current 
10E 


300 
500 250 
th Hold Time 
D 300 -100 300 -100 -100 
SEL 200 -—250 200 -250 — 250 


Pan eters ase Peewee 


Minimum Pulse Width 
MR 


tskeEw | Within-Device Skew 


tr Rise/Fall Times 
tf 20 - 80% 800 


1. Within-device skew is defined as identical transitions on similar paths through a device. 
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MOTOROLA 


SEMICONDUCTOR SL PE a a ee 
TECHNICAL DATA 


6-Bit 2:1 Mux-Latch MC10E155 
The MC10E/100E155 contains six 2:1 multiplexers followed by MC1 OOE1 55 


transparent latches with single-ended outputs. When both Latch Enables 
(LEN1, LEN2) are LOW, the latch is transparent, and output data is 
controlled by the multiplexer select control, SEL. A logic HIGH on either 
LEN1 or LEN2 (or both) latches the outputs. The Master Reset (MR) 
overrides all other controls to set the Q outputs LOW. 


6-BIT 2:1 
MUX-LATCH 


850ps Max. LEN to Output 

825ps Max. D to Output 

Single-Ended Outputs 

Asynchronous Master Reset 

Dual Latch-Enables 

Extended 100E Veg Range of — 4.2V to — 5.46V 
75kQ Input Pulldown Resistors 





LOGIC DIAGRAM FN SUFFIX 
PLASTIC PACKAGE 


Doa Qo CASE 776-02 


Dob 














Dia 





| 
oO = 
m ¢ 
rm OS 


Dyb- 


f 


Doa 





| 
o = 
mc 
rx 


Dob 


fh 







Dga 


= 
Cc 
< 





D36 






ft 







Dga 


| 
ono = 
mc 
5K 


Dab 







Dsa 


= 
2) 
m 

Gi RS hi ee i ae a 


|| 
o = 
m Cc 
- xX 


Dsb 


f 


SEL 


LEN1 
LEN2 


MR 
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MC10E155 


Pinout: 28-Lead PLCC (Top View) 
Dsb D4b Dga Dab Dga NC Veco 
24 23 22 21 





iJ LJ DC Co 
Dod Dya Dyb Dea Deb Voco Qo 


* All Voc and Vcco pins are tied together on the die. 





PIN NAMES 


Doa — Do4 Input Data a 

Dob — Dab Input Data b 

SEL Data Select Input 

LEN1, LEN2 Latch Enables 
Master Reset 


Outputs 








ECLinPS and ECLinPS Lite 
2-49 


MC10E155 


DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = Veco = GND) 


Power Supply Current 
10E 


Reset Recovery Time 


Minimum Pulse Width 
MR 


tSKEW Within-Device Skew 


tr Rise/Fall Times 
tf 20 - 80% 


1. Within-device skew is defined as identical transitions on similar paths through a device. 


th 
tpw 


Hold Time 
D 
SEL 
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MOTOROLA 


SEMICONDUCTOR Pe gh ag ae gs or IE at 
TECHNICAL DATA 


3-Bit 4:1 Mux-Latch MC10E156 
The MC10E/100E156 contains three 4:1 multiplexers followed by MC1 OOE1 56 


transparent latches with differential outputs. When both Latch Enables 
(LEN1, LEN2) are LOW, the latch Is transparent, and output date Is 
controlled by the multiplexer select controls (SELO, SEL1). A logic HIGH 
on either LEN1 or LEN2 (or both) latches the outputs. The Master Reset 
(MR) overrides all other controls to set the Q outputs LOW. 


3-BIT 4:1 
MUX-LATCH 


950ps Max. D to Output 

850ps Max. LEN to Output 

Differential Outputs 

Asynchronous Master Reset 

Dual Latch-Enables 

Extended 100E Vege Range of — 4.2V to — 5.46V 
75kQ Input Pulldown Resistors 


Pinout: 28-Lead PLCC (Top View) ti S: 


Dyjb Dya Dod Doc Dob Dea Veco = 





23 22 21 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 776-02 





LOGIC DIAGRAM 





Did Dga Dob Ogce Dod Vcco 


* AllVcc and Vcco pins are tied together on the die. 





PIN NAMES 
Dox — D3x Input Data 
SELO, SEL1 Select Inputs 
LEN1, LEN2 Latch Enables 
MR Master Reset 
Qo -Qoe True Outputs 
Inverted Outputs 
FUNCTION TABLE 
SELO 
SEL1 
LEN1 


LEN2 
MR 
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MC10E156 


DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VCCO = GND) 


Power Supply Current 


10E 








D 
SELO 
SEL1 










Lon Reset Recovery Time 


Minimum Pulse Width 
MR 


tSKEW Within-Device Skew 


Rise/Fall Times 
20 - 80% 700 


1. Within-device skew is defined as identical transitions on similar paths through a device. 
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MOTOROLA 


SEMICONDUCTOR  ———yy 


TECHNICAL DATA 
Quad 2:1 Multiplexer 


The MC10E/100E157 contains four 2:1 multiplexers with differential 
outputs. The output data are controlled by the individual Select (SEL) 
inputs. The individual select control makes the devices well suited for 
random logic designs. 


Individual Select Controls 

550ps Max. D to Output 

800ps Max. SEL to Output 

Extended 100E Veg Range of — 4.2V to — 5.46V 
Internal 75kQ Input Pulldown Resistors 


Pinout: 28-Lead PLCC (Top View) 
SEL3 NC Dga Dg3b Voco 03° Q3 


2428 22 





SELO Doa Dob NC NC NC Voco 


* All Vcc and Vcco pins are tied together on the die. 


PIN NAMES 


Doa — Dga Input Data a 
Dob — D3b Input Data b 


SELO- SEL3 Select Inputs 
Qg-Q3 ; True Outputs 
Q9- 3 Inverted Outputs 





TRUTH TABLE 
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MC10E157 


MC100E157 





QUAD 2:1 
MULTIPLEXER 


& 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 776-02 





LOGIC DIAGRAM 
D 
0a Q 


Qo 
Dob 


¥ 


SELO 


Dia 


Dyb 


con 


SEL1 


Doa Q> 
Q2 
Dob 


¥ 


SEL2 


Q3 
Q3 
D3b 


oO 
3 
© 


SEL3 





MC10E157 


DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VCCo = GND) 


Input HIGH Current 


Power Supply Current 
10E 
100E 


Symbol Characteristic min 
tPLH Propagation Delay to Output 
tPHL D 

SEL 


ecw | weindowesen | | 7» | 7» |m[ + _| 


70 
tr Rise/Fall Times 
tf 20 - 80% 275 400 650 | 275 400 650 | 275 400 


1. Within-device skew is defined as identical transitions on similar paths through a device. 
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MOTOROLA 
SEMICONDUCTOR re 
TECHNICAL DATA 


5-Bit 2:1 Multiplexer MC10E158 
The MC10E/100E158 contains five 2:1 multiplexers with differential MC1 OOE1 58 


outputs. The output data are controlled by the Select input (SEL). 





e 600ps Max. D to Output 

e 800ps Max. SEL to Output 
e Differential Salputs . 5-BIT 2:1 
e One VCCo Pin Per Output Pair 

e Extended 100E VEE Range of — 4.2V to — 5.46V MULTIPLEXER 
e 75kQ Input Pulldown Resistors 


Pinout: 28-Lead PLCC (Top View) 
D4a Dgb Dga Vcco Q4 4 Vcco 


"hg 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 776-02 





LOGIC DIAGRAM 
Doa 


Dob 





Dia Dib Veco Q9 Q Veco Q 


Dia 
* All Vcc and Vcco pins are tied together on the die. : 


Dib 


Doa 


PIN NAMES Dab 










Input Data a D3a 
Input Data b 
Select Input 
True Outputs 


Inverted Outputs 






D3b 







Daa 


a - 
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MC10E158 


DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VCCO = GND) 


er Characteristic 


Input HIGH Current 
D 
SEL 


Power Supply Current 


10E 
100E 


Propagation Delay to Output 


D 225 385 550 | 225 385 550 
SEL a eS 400 ened 


tSKEW Within-Device Skew 


Rise/Fall Time 
20 - 80% 650 


1. Within-device skew is defined as identical transitions on similar paths through a device. 
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MOTOROLA 


SEMICONDUCTOR 
TECHNICAL DATA 


12-Bit Parity MC10E160 
Generator/Checker MC100E160 


The MC10E/100E160 Is a 12-bit parity generator/checker. The Q 
output is HIGH when an odd number of inputs are HIGH. A HIGH on the 
Enable input (EN) forces the Q output LOW. 


The E160 also features an output register. Multiplexers direct the 
register input, giving the option of holding present data by asserting 
HOLD LOW, or of shifting data in through the S-IN pin by asserting SHIFT 12-BIT PARITY 
HIGH. The output register itself is clocked by a positive edge on CLK1 or GENERATOR/CHECKER 
CLK2 (or both). A HIGH on the reset pin (R) overrides to force the Y 
output LOW. 











e Provides Odd-HIGH Parity of 12 Inputs 
e Shiftable Output Register with Hold 
e 900ps Max. D to Q/Q Output 


e Enable 
e Asynchronous Register Reset 
e Dual Clocks 
e Extended 100E VEE Range of — 4.2V to — 5.46V 
e 75kQ Input Pulldown Resistors FN SUFFIX 
PLASTIC PACKAGE 
Pinout: 28-Lead PLCC (Top View) CASE 776-02 


Dg Dg D2 Dy Dg EN Vcco 





LOGIC DIAGRAM 


D4 
Ds 
Q 
=) AY 
D7 


Di; HOLD S-N SHIFT CLK1 CLK2 A Dit "sec| [ |! set 
* All Vcc and Vcco pins are tied together on the die. EN | >0 





e 
<I 


S 
o 
o 
Lid 
< 


PIN NAMES HOLD 


Do - D141 Data Inputs 
S-IN Serial Data Input CLK2 ee 
EN Enable, active LOW R 

HOLD Hold, active LOW 


SHIFT Shift, active HIGH 

CLK1, CLK2 Clock Inputs 
Reset Inputs 
Direct Output 
Register Output 
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MC10E160 


DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VCCo = GND) 
a a ee 
IH 


Input HIGH Current 
200 200 200 
300 300 300 
150 150 150 


CLK1, CLK2 
82 98 82 98 82 98 






















R 
All Other Inputs 


Power Supply Current 
10E 
100E 










AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = Voco = GND) 


a 


tPLH Propagation Delay to Output 
tPHL DtoQ 

En to Q 

CLK to Y 

RtoY 


Setup Time 


-400 -900 -400 -900 -400 -900 
100 -300 100 -—300 100 -300 


st -150 pe -150 sos -150 
— 250 — 250 — 250 


Rise/Fall Time 
20 - 80% 650 


1. Within a device skew is guaranteed for identical transitions on similar paths through a device. 
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MOTOROLA 


SEMICONDUCTOR 
TECHNICAL DATA 


2-Bit 8:1 Multiplexer 


The MC10E/100E163 contains two 8:1 multiplexers with differential 
outputs and common select inputs. The select inputs (SELO, 1, 2) control 
which one of the eight data inputs (Ag — A7, Bo — B7) is propagated to the 
output. 


850ps Max. D to Output 

Differential Outputs 

Extended 100E Veg Range of — 4.2V to — 5.46V 
75kQ Input Pulldown Resistors 


Pinout: 28-Lead PLCC (Top View) 
Bo By By Bs 8g 87 Veco 
23 «22S 





Ay, Ag ABZ AG OAS OAR OA? 
* All Vcc and Vcco pins are tied together on the die. 


FUNCTION TABLE 


A Data Inputs 
B Data Inputs 
Select Inputs 
True Outputs 
Inverting Outputs 
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MC10E163 
MC100E163 





2-BIT 
8:1 MULTIPLEXER 





& 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 776-02 


LOGIC DIAGRAM 


Ay 
Ag 


A3 QA 


QA 


AS 


A7 


SELO 
SEL1 
SEL2 


To Side B 








MC10E163 


DC CHARACTERISTICS (VEE = VEE(min) to ae Voc = Vcco = GND) 


Characteristic 


Input HIGH Current 


Power Supply Current 
10E 
100E 


Symbol 


tPLH Propagation Delay to Output 
tPHL D 

SELO 

SEL1 

SEL2 


Within-Device Skew 
An, Bn toQ 
An, Am to QA 
Bn, Bm to QB 





1. Within-device skew is defined as identical transitions on similar paths through a device; n = 0-7, mn, m=0-7. 





ECLinPS and ECLinPS Lite 
2-60 


MOTOROLA 


SEMICONDUCTOR 
TECHNICAL DATA 


16:1 Multiplexer MC10E164 
The MC10E/100E164 is a 16:1 multiplexer with a differential output. MC1 OOE1 64 


The select inputs (SELO, 1, 2, 3 ) control which one of the sixteen data 
inputs (AO — A15) is propagated to the output. 


Special attention to the design layout results in a typical skew between 
the 16 inputs of only 50ps. 





e 850ps Data Input to Output 
© Differential Output 16:1 MULTIPLEXER 


e Extended 100E Veg Range of — 4.2V to — 5.46V 
e Internal 75kQ Input Pulldown Resistors 





Pinout: 28-Lead PLCC (Top View) & 


Aio Ait At2 Aig Ata A15 Veco 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 776-02 


23 22 21 





LOGIC DIAGRAM 








Ag 
A 
Q 
e 
e 
e a 
Q 
At4 
“All Voc and Vcco pins are tied together on the die. A 
15 
PIN NAMES 
SELO 
Ag-Ai5 Data Inputs SEL1 
SEL[0:3] Select Inputs 
Q,Q Output SE 
SEL3 
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MC10E164 


DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VCCo = GND) 


Symbol Characteristic 


Input HIGH Current 


Power Supply Current 
10E 
100E 


Symbol! Characteristic 


tPLH Propagation Delay to Output 
tPHL A Input 

SELO 

SEL1 

SEL2 

SEL3 


tSKEW Within Device Skew 


Rise/Fall Times 
20 - 80% 550 


1. Within Device skew is defined as the difference in the A to Q delay between the 16 different A inputs. 





FUNCTION TABLE 


[seis | see | sein | Sela | ae | 
: AO 


Lahr errr a aL eee 
AES CR cue cues OES Ye reer eB ea aoe NC ae a 
Lek rele Let eae le Le 


L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
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MOTOROLA 


SEMICONDUCTOR ne a ate Be 
TECHNICAL DATA 


9-Bit Magnitude Comparator MC10E166 
The MC10E/100E166 is a 9-bit magnitude comparator which MC1 OOE1 66 


compares the binary value of two 9-bit words and indicates whether one 
word is greater than, or equal to, the other. 





e 1100ps Max. A=B 


e Extended 100E Veg Range of — 4.2V to — 5.46V 
e 75kQ Input Pulldown Resistors 9-BIT MAGNITUDE 


COMPARATOR 


Pinout: 28-Lead PLCC (Top View) 
Bo Ag Bi Ay Bo AQ Veco 


& 





FN SUFFIX 
PLASTIC PACKAGE 
CASE 776-02 





LOGIC DIAGRAM 


ao-Aa[_9 > A>B 





* All Vcc and Vcco pins are tied together on the die. 


By -B B>A 
siennniee o-%[_9 > 


A Data Inputs 
B Data Inputs 


COMPARATOR 
> 
I 
w 


A Greater than B Output 
B Greater than A Output 


A Equal to B Output 
(active-LOW) 
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MC10E166 


DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); VCC = VCco = GND) 


Characteristic 


Power Supply Current 
10E 
100E 


Propagation Delay to Output 
DtoA=B 
DtoA<B,A>B 


: Rise/Fall Time 
20 - 80% 800 





113 
113 


136 
136 


1100 
1400 


750 
850 


1100 
1400 


750 
850 


500 
500 
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MOTOROLA 


SEMICONDUCTOR 
TECHNICAL DATA 





6-Bit 2:1 Mux-Register MC10E167 
The MC10E/100E167 contains six 2:1 multiplexers followed by D MiC1 OOE1 67 


flip-flops with single-ended outputs. Input data are selected by the Select 
control, SEL. The selected data are transferred to the flip-flop outputs by 
a positive edge on CLK1 or CLK2 (or both). A HIGH on the Master Reset 
(MR) pin asynchronously forces all Q outputs LOW. 


¢ 1000MHz Min. Operating Frequency 6-BIT 2:1 

e 800ps Max. Clock to Output MUX-REGISTER 
Single-Ended Outputs 

Asynchronous Master Resets 

Dual Clocks 

Extended 100E Veg Range of — 4.2V to — 5.46V 
75kQ Input Pulldown Resistors 





Pinout: 28-Lead PLCC (Top View) 
Dsa Dab Dga Dgb Dga NC Veco 


23 22. FN SUFFIX 
PLASTIC PACKAGE 


CASE 776-02 





LOGIC DIAGRAM 
Doa 
Dob 
Dya 


Dib 





Doa 


Dob Dya Dyb Da Dob Veco Qo 


* All Vcc and Vcco pins are tied together on the die. Dob 


D3a 


PIN NAMES 


D3b 







Dga 





Doa — Dsa Input Data a 
Dob — D5b Input Data b 
SEL Select Input 
CLK1, CLK2 Clock Inputs 

Master Reset 
Data Outputs 






Dab 







Dsa 





Dsb 


| ata SéL 
H 
CLK2 


MR 
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MC10E167 


DC CHARACTERISTICS (VEE = VEE (min) to —_ Vcc = Vcco = GND) 


Condition 


Characteristic Cees min typ max SS _ typ 


Power Supply Current 
10E 94 113 94 113 94 
100E 94 113 94 113 108 





a 

AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = es = — 
EEE 

Characteristic Condition 


Propagation Delay to Output 


die Time 
ey 


Reset Recovery Time 


Minimum Pulse Width 
Clk, MR 
Within-Device Skew 


Rise/Fall Times 
20 - 80% 


1. Within-device skew is defined as identical transitions on similar paths through a device. 
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MOTOROLA 


SEMICONDUCTOR 
TECHNICAL DATA 


3-Bit 4:1 Multiplexer 


The MC10E/100E171 contains three 4:1 multiplexers with differential 
outputs. Separate Select controls are provided for the leading 2:1 mux 
pairs (see logic symbol). The three Select inputs control which one of the 
four data inputs in each case is propagated to the corresponding output. 


e 725ps Max. D to Output 

e Split Setect 

e Differential Outputs 

e Extended 100E Veg Range of — 4.2V to — 5.46V 
e 75kQ Input Pulldown Resistors 


Pinout: 28-Lead PLCC (Top View) 


Dib Dya Dod Doc Dob Dea Veco 


24 = 3 22. 





Did Doa Dob Doc Dod Vecg QQ 


* All Vcc and Vcco pins are tied together on the die. 


PIN NAMES 


ee 


Dox — Dox 
SEL1A, SEL1B 


Data Inputs 

First-stage Select Inputs 
Second-stage Select Input 
True Output 

Inverted Output 


SEL2 
Qo - Q2 
Qo - Qo 





FUNCTION TABLE 


[in| See [Operation 


Output c/d data 
Input d data 
Input b data 






MC10E171 


MC100E171 





3-BIT 4:1 
MULTIPLEXER 





"tig 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 776-02 





LOGIC DIAGRAM 


SELIA | > 
SELB 4 > 
se [> 
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MC10E171 


DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VCCO = GND) 


Power Supply Current 
10E 


tPLH Propagation Delay to Output 
tPHL D 
SEL1 
SEL2 
tSKEW Within-Device Skew 
Dnm, Dnm to Qn 
Da, Db, Dc, Dd to Q 
tr ; : 
t 


1. Within-device skew ts defined as identical transitions on similar paths through a device; n = 0,1,2 m= a,b,c,d 
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MOTOROLA 


SEMICONDUCTOR oo ee 
TECHNICAL DATA 


9-Bit Latch With Parity MC10E175 
The MC10E/100E175 is a 9-bit latch. It also features a tenth latched MC1 OOE1 75 


output, ODDPAR, which is formed as the odd parity of the nine data 
inputs (ODDPAR is HIGH if an odd number of the inputs are HIGH). 


The E175 can also be used to generate byte parity by using D8 as the 
parity-type select (L = even parity, H = odd parity), and using ODDPAR as 
the byte parity output. 

The LEN pin latches the data when asserted with a logical high and 9-BIT LATCH 
makes the latch transparent when placed at a logic low level. WITH PARITY 


e 9-Bit Latch 

® Parity Detection/Generation 

 800ps Max. D to Output 

e Reset 

e Extended 100E Veg Range of — 4.2V to — 5.46V 
e Internal 75kQ Input Pulldown Resistors 





Pinout: 28-Lead PLCC (Top View) FN SUFFIX 


De D7 Dg Vcco 9g 7 Vcco PLASTIC PACKAGE 
CASE 776-02 


24-3 22 





LOGIC DIAGRAM 


Qo 


Qg 





* All Vcc and Vcco pins are tied together on the die. 


PIN NAMES 
ODDPAR 


Data Inputs 
Latch Enable 


Master Reset 
Data Outputs 
Parity Output 
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MC10E175 


DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VCCO = GND) 


Symbol Characteristic 


Input HIGH Current 


Power Supply Current 
10E 
100E 


Propagation Delay to Output 
DtoQ 
D to ODDPAR 
LEN to Q 
LEN to ODDPAR 


MR to Q(tpHL) 
MR to ODDPAR(tpHL) 


Setup Time 
D (Q) 
D (ODDPAR) 900 
Hold Time 
D (Q) 175 
D (ODDPAR) - a a -70 


f tan | Reset Recovery Time 


tsKEw | Within-Device Skew 
LEN, MR 
DtoQ 
D to ODDPAR A 


$55 
tr Rise/Fall Times 
tt 20 - 80% 300 500 800 300 500 800 300 500 800 


1. Within-device skew ts defined as identical transitions on similar paths through a device. 





FUNCTION TABLE 


a 


H if odd no. of Dn HIGH 


H if odd no. of Dn HIGH 
Qo 
L 
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MOTOROLA 


SEMICONDUCTOR PR fe ors et ace ee eds ens | 
TECHNICAL DATA 


Error Detection/Correction MC10E193 
Circuit MC100E193 


The MC10E/100E193 Is an error detection and correction (EDAC) 
circuit. Modified Hamming parity codes are generated on an 8-bit word 
according to the pattern shown in the logic symbol. The P5 output gives 
the parity of the whole word. The word parity is also provided at the PGEN 
pin, after Odd/Even parity contro! and gating with the BPAR input. This 
output also feeds to a 1-bit shiftable register, for use as part of a scan ring. ERROR DETECTION/ 

The combinatorial part of the device generates the same code pattern CORRECTION CIRCUIT 
as the MC10193, a member of the MECL 10K family. The user is referred 
to the 10193 data sheet in the MECL Device Data Book for an expanded 
description of pattern expansion to long words, along with check bit 
generation and decoding schemes. 

Used in conjunction with 12-bit parity generators such as the E160, a 
SECDED (single error correction, double error detection) error system 
can be designed for a multiple of an 8-bit word. 


e Hamming Code Generation ti 


i 

e 8-Bit Word, Expandable 

e Provides Parity of Whole Word FN SUFFIX 

e Scannable Parity Register PLASTIC PACKAGE 
CASE 776-02 

e Extended 100E Veg Range of — 4.2V to — 5.46V 

e 75kQ Input Pulldown Resistors 





B INPUTS 
03657421 LOGIC DIAGRAM 


| > Bo, Bg, Bg, B 
Ss 2, Bg, Bg, B7 Pp 


By, Bg, Bs, B7 


Pinout: 28-Lead PLCC (Top View) 








EN HOLD SIN SHIFT CLK Vcco PGEN 


23 «22SCt« Py 


By, Bs, Bg, B7 
5) ee ie hs Dal P3 


By, Bo, Bg, B7 fi 
4 


BYTE (Bg - B7) 
P5 


BPAR PGEN 


EV/OD 





|__| Zz Be LJ 
Bg Bs Be 87 Veco Py Pe 


* All Voc and Vcco pins are tied together on the die. 
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MC10E193 


DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = Veco = GND) 


a ee oe eel 
Symbol Characteristic 


150 150 
Power Supply Current 
AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); VCC = VCCO = GND) 


10E 112 134 112 134 112 134 
Characteristic min typ max | min typ max | min typ max 











Condition 










100E 112 134 112 134 129 155 





























tPLH Propagation Delay to Output 

tPHL B to P1, P2, P3, P4 350 700 1000 700 1000 700 1000 
BtoP5 400 775 ~=1150 775 = 1150 775 =1150 
EV/OD, BPAR to PGEN 350 650 850 650 850 650 850 
B to PGEN 600 1000 1450 1000 1450 1000 1450 
CLK to PARERR 550 850 550 850 550 850 











Setup Time 
SHIFT 
S-IN 
HOLD 
EN 
EV/OD 
BPAR 


ts 
B 

th Hold Time 
SHIFT 
S-IN 
HOLD 
EN 
EV/OD 
BPAR 
B 


Rise/Fall Times 
20 - 80% 300 700 1100 | 300 700 =1100 } 300 700 =1100 
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MOTOROLA 


SEMICONDUCTOR 
TECHNICAL DATA 


Programmable Delay Chip 


The MC10E/100E195 is a programmable delay chip (PDC) designed 
primarily for clock de-skewing and timing adjustment. It provides variable 
delay of a differential ECL input transition. 

The delay section consists of a chain of gates organized as shown in 
the logic symbol. The first two delay elements feature gates that have 
been modified to have delays 1.25 and 1.5 times the basic gate delay of 
approximately 80 ps. These two elements provide the E195 with a 
digitally-selectable resolution of approximately 20 ps. The required 
device delay is selected by the seven address inputs D[0:6], which are 
latched on chip by a high signal on the latch enable (LEN) control. 

Because the delay programmability of the E195 is achieved by purely 
differential ECL gate delays the device will operate at frequencies of >1.0 
GHz while maintaining over 600 mV of output swing. 

The E195 thus offers very fine resolution, at very high frequencies, that 
is selectable entirely from a digital input allowing for very accurate system 
clock timing. 

An eighth latched input, D7, is provided for cascading multiple PDC’s 
for increased programmable range. The cascade logic allows full control 
of multiple PDC’s, at the expense of only a single added line to the data 
bus for each additional PDC, without the need for any external gating. 


2.0ns Worst Case Delay Range 

~20ps/Delay Step Resolution 

>1.0GHz Bandwidth 

On Chip Cascade Circuitry 

Extended 100E Vege Range of -4.2 to -5.46V 
75KQ Input Pulldown Resistors 


PIN NAMES 


Signal input 

Input Enable 

Mux Select Inputs 
Signal Output 
Latch Enable 

Min Delay Set 
Max Delay Set 
Cascade Signal 


SET MIN 
SET MAX 
CASCADE 


LEN 
SET MIN 
SET MAX 


7BIT pre | 


DO D1 D2 D3 D4 DS D6 


* DELAYS ARE 25% OR 50% LONGER THAN 
STANDARD (STANDARD ~ 80 PS) 
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MC10E195 
MC100E195 


PROGRAMMABLE 
DELAY CHIP 


& 


PLASTIC PACKAGE 
CASE 776-02 





D2 D3 D4 D5 D6 D7 NC 
23. 22 ~—=ot 


Pinout: 
28-Lead PLCC 


(Top View) 





6-7 I 
_ | LJ WJ CG LT LO 
NC NC EN Z wu 
s 236 

hp Fr gS 

an # 2 

Oo 


OIO 


CASCADE 
CASCADE 


D7 








MC10E195 


DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VCCo = GND) 


Symbol Characteristic 


Sn CZ a 


Power Supply Current 
130 156 130 156 130 156 
130 156 130 156 150 179 


10E 
AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = dee = GND) 


100E 


tPLH Propagation Delay 
tPHL IN to Q; Tap = 0 
IN to Q; Tap = 127 3320 | 3570 
EN to Q; Tap = 0 




























3380 | 3630 






D7 to CASCADE 


tRANGE | Programmable Range 
tpp (max) -tpp (min) | 2000 | 2175 2050 | 2240 2375 | 2580 





Step Delay 
DO High : 
D1 High 
D2 High 
D3 High 
D4 High 
D5 High 
D6 High 


pun tinearty tt oo | | oo | ooo 


tSKEW Duty Cycle Skew ps 
tPpHL-tPLH +30 +30 +30 1 
Setup Time 

D to LEN 200 200 200 

DtoIN 800 800 800 

EN to IN 200 200 200 
Hold Time 
LEN to D 250 500 250 
IN to EN 0 











@ fh 





£ 


a 





Release Time 
EN to IN 300 300 
SET MAX to LEN 800 800 
SET MIN to LEN 800 800 


[we «i et et ee 
20-80% (Q) 


tr 
tf 125 225 325 125 225 325 125 225 325 
20-80% (CASCADE) 300 450 650 300 450 650 300 450 650 


1. Duty cycle skew guaranteed only for differential operation measured from the cross point of the input to the cross point of the output. 

2 This setup time defines the amount of time prior to the input signal the delay tap of the device must be set 

3 This setup time is the minimum time that EN must be asserted prior to the next transition of IN/IN to prevent an output response greater than +75 mV to that IN/IN 
transition. 

4 This hold time is the minimum time that EN must remain asserted after a negative going IN or positive going IN to prevent an output response greater than +75 mV 
to that INN transition 

5 This release time is the minimum time that EN must be deasserted prior to the next IN/IN transition to ensure an output response that meets the specified IN to Q 
propagation delay and transition times 

6 Specification limits represent the amount of delay added with the assertion of each individual delay control pin The various combinations of asserted delay control 
inputs will typically realize DO resolution steps across the specified programmable range 

7. The linearity specification guarantees to which delay control input the programmable steps will be monotonic (i e. increasing delay steps for increasing binary counts 
on the control inputs Dn) Typically the device will be monotonic to the DO input, however under worst case conditions and process vaniation, delays could decrease 
slightly with increasing binary counts when the DO input ts the LSB. With the D1 input as the LSB the device is guaranteed to be monotonic over all specified 
environmental conditions and process variation 

8 The jitter of the device is less than what can be measured without resorting to very tedious and specialized measurement techniques 


Output Rise/Fall Time 
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MC10E195 


ADDRESS BUS (A0-A6) 





OUTPUT 


Figure 1. Cascading Interconnect Architecture 


Cascading Multiple E195’s 

To increase the programmable range of the E195 internal 
cascade circuitry has been included. This circuitry allows for 
the cascading of multiple E195’s without the need for any 
external gating. Furthermore this capability requires only one 
more address line per added E195. Obviously cascading 
multiple PDC’s will result in a larger programmable range 
however this increase is at the expense of a longer minimum 
delay. 

Figure 1 illustrates the interconnect scheme for cascading 
two E195’s. As can be seen, this scheme can easily be 
expanded for larger E195 chains. The D7 input of the E195 is 
the cascade contro! pin. With the interconnect scheme of 
Figure 1 when D7 is asserted it signals the need for a larger 
programmable range than is achievable with a single device. 

An expansion of the latch section of the block diagram is 
pictured below. Use of this diagram will simplify the 
explanation of how the cascade circuitry works. When D7 of 
chip #1 above is low the cascade output will also be low while 
the cascade bar output will be a logical high. In this condition 
the SET MIN pin of chip #2 will be asserted and thus all of the 
latches of chip #2 will be reset and the device will be set at its 
minimum delay. Since the RESET and SET inputs of the 
latches are overriding any changes on the AO-A6 address bus 
will not affect the operation of chip #2. 


TO SELECT MULTIPLEXER’ 





$ 


Chip #1 on the other hand will have both SET MIN and SET 
MAX de-asserted so that its delay will be controlled entirely by 
the address bus AO-A6. If the delay needed is greater than 
can be achieved with 31.75 gate delays (1111111 on the 
AO-A6 address bus) D7 will be asserted to signal the need to 
cascade the delay to the next E195 device. When D7 is 
asserted the SET MIN pin of chip #2 will be de-asserted and 
the delay will be controlled by the AO—A6 address bus. Chip #1 
on the other hand will have its SET MAX pin asserted resulting 
in the device delay to be independent of the AO-A6 address 
Dus. 

When the SET MAX pin of chip #1 is asserted the DO and D1 
latches will be reset while the rest of the latches will be set. In 
addition, to maintain monotonicity an additional gate delay is 
selected in the cascade circuitry. As a result when D7 of chip 
#1 1s asserted the delay increases from 31.75 gates to 32 
gates. A 32 gate delay is the maximum delay setting for the 
E195. 

To expand this cascading scheme to more devices one 
simply needs to connect the D7 input and CASCADE outputs 
of the current most significant E195 to the new most significant 
£195 in the same manner as pictured in Figure 1. The only 
addition to the logic is the increase of one line to the address 
bus for cascade control of the second PDC. 


CASCADE 
CASCADE 


Figure 2. Expansion of the Latch Section of the E195 Block Diagram 
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MOTOROLA 


SEMICONDUCTOR | 
TECHNICAL DATA 


Programmable Delay Chip MC10EiS6 
The MC10E/100E196 is a programmable delay chip (PDC) designed MC 1 OOE 1 96 


primarily for very accurate differential ECL input edge placement 
applications. 


The delay section consists of a chain of gates and a linear ramp delay 
adjust organized as shown in the logic symbol. The first two delay 
elements feature gates that have been modified to have delays 1.25 and 
1.5 times the basic gate delay of approximately 80 ps. These two 
elements provide the E196 with a digitally-selectable resolution of PROGRAMMABLE 
approximately 20 ps. The required device delay is selected by the seven DELAY CHIP 
address inputs D[0:6], which are latched on chip by a high signal on the 
latch enable (LEN) control. 


The FTUNE input takes an analog voltage and applies it to an internal 
linear ramp for reducing the 20 ps resolution still further. The FTUNE input 
is what differentiates the E196 from the E195. 

An eighth latched input, D7, is provided for cascading multiple PDC’s 
for increased programmable range. The cascade logic allows full control 
of multiple PDC’s, at the expense of only a single added line to the data: 
bus for each additional PDC, without the need for any external gating. 


2.0ns Worst Case Delay Range 

~20ps/Delay Step Resolution 

Linear Input for Tighter Resolution FN SUFFIX 
>1.0GHz Bandwidth PLASTIC PACKAGE 


On Chip Cascade Circuitry CASE 776-02 
Extended 100E Veg Range of —-4.2 to -5.46V 
75KQ Input Pulldown Resistors 





PIN NAMES 


IN/IN Signal Input 

EN Input Enable 
D[0:7] Mux Select Inputs 
Qa Signal Output 


LEN Latch Enable 

SET MIN Min Delay Set 

SET MAX Max Delay Set 
CASCADE Cascade Signal 
FTUNE Linear Voltage Input 





LOGIC DIAGRAM ~ SIMPLIFIED 


ete 
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LINEAR 
RAMP 


LEN 
SET MIN 
SET MAX 





CASCADE 
CASCADE 





DO 
* DELAYS ARE 25% OR 50% LONGER THAN 
STANDARD (STANDARD = 80 PS) 





MC10E196 


Pinout: 28-Lead PLCC (Top View) 


D2 D3 D4 DS D6 D7 NC 
_ 





fo) 
=_ 





SET MIN[ |~ 

SET MAX[ |o 
CASCADE [| 
CASCADE [| 


DC CHARACTERISTICS (VEE = VEE(min) to eee Voc = Veco = GND) 


ce 
ee cee Sr 


Power Supply Current 
130 156 130 156 130 156 
130 156 130 156 150 179 


10E 
AC CHARACTERISTICS (VEE = VEE(min) to eo Vcc = Vcco = GND) 


100E 
[ec | ed Ce 
Se ee eee 


tPLH Propagation Delay 
tPHL IN to Q; Tap = 0 
IN to Q, Tap = 127 3380 | 3630 
EN to Q; Tap =0 




























D7 to CASCADE 


tRANGE | Programmable Range 
tpp (max) — tpp (min) 2000 | 2175 2050 | 2240 2375 | 2580 


Step Delay 
DO High 
D1 High 
D2 High 


D3 High 
D4 High 
D5 High 
D6 High 


tsSKEW Duty Cycle Skew 
tPHL-IPLH 








a 
po] | fool |* ts | 


af 
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MC10E196 


AC CHARACTERISTICS (continued) (VEE = VEE(min) to VEE(max); Vcc = VCCO = GND) 


eee ee eee a oe 
Cece ere eee 
Setup Time 


D to LEN 200 
D to IN 800 
EN to IN 200 


Hold Time 
LEN to D 500 250 500 
IN to EN 0 
Release Time 
EN to IN 300 
SET MAX to LEN 800 
SET MIN to LEN 00 


Output Rise/Fall Time 
20-80% (Q) 125 225 325 125 225 325 125 
20-80% (CASCADE) 300 450 650 300 450 650 300 





. Duty cycle skew guaranteed only for differential operation measured from the cross point of the input to the cross point of the output 
. This setup time defines the amount of time prior to the input signal the delay tap of the device must be set 
. This setup time is the minimum time that EN must be asserted prior to the next transition of IN/IN to prevent an output response greater than 


+75 mV to that IN/IN transition 


. This hold time ts the minimum time that EN must remain asserted after a negative going IN or positive going IN to prevent an output response 


greater than +75 mV to that IN/IN transition. 


. This release time is the minimum time that EN must be deasserted prior to the next IN/IN transition to ensure an output response that meets 


the specified IN to Q propagation delay and transition times. 


. Specification limits represent the amount of delay added with the assertion of each individual delay control pin The various combinations of 


asserted delay control inputs will typically realize DO resolution steps across the specified programmable range. 


. The linearity specification guarantees to which delay control input the programmable steps will be monotonic (i.e. increasing delay steps for 


increasing binary counts on the control inputs Dn). Typically the device will be monotonic to the DO input, however under worst case conditions 
and process variation, delays could decrease slightly with increasing binary counts when the DO input is the LSB With the D1 input as the LSB 
the device is guaranteed to be monotonic over all specifted environmental conditions and process variation 


8. The jitter of the device is less than what can be measured without resorting to very tedious and specialized measurement techniques. 


PROPAGATION DELAY (ps) 


ANALOG INPUT CHARACTERISTICS 
Ftune = Vcc to VEE 
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PCLEEEEEEER PREEMPT 


. SEE 2, CHUTE EP P| 
-45 -35 -25 -1.5 -05 -5 -3 -2 -1 
FTUNE VOLTAGE (V) FTUNE VOLTAGE (V) 
Propagation Delay versus Ftune Voltage Propagation Delay versus Ftune Voltage 
(100E196) (10E196) 
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USING THE FTUNE ANALOG INPUT 


The analog FTUNE pin on the E196 device is intended to 
enhance the 20 ps resolution capabilities of the fully digital 
E195. The level of resolution obtained is dependent on the 
number of increments applied to the appropriate range on the 
FTUNE pin. 


To provide another level of resolution the FTUNE pin must 
be capable of adjusting the delay by greater than the 20 ps 
digital resolution. From the provided graphs one sees that this 
requirement is easily achieved as over the entire FTUNE 
voltage range a 100 ps delay can be achieved. This extra 
analog range ensures that the FTUNE pin will be capable even 
under worst case conditions of covering the digital 
resolution. Typically the analog input will be driven by an 
external DAC to provide a digital control with very fine analog 
output steps. The final resolution of the device will be 
dependent on the width of the DAC chosen. 


To determine the voltage range necessary for the FT'UNE 
input, the graphs provided should be used. As an example tifa 
range of 40 ps Is selected to cover worst case conditions and 
ensure coverage of the digital range, from the 100E196 graph 
a voltage range of —3.25 V to—4.0 V would be necessary on the 
FTUNE pin. Obviously there are numerous voltage ranges 
which can be used to cover a given delay range, users are 
given the flexibility to determine which one best fits their 
designs. 


Cascading Multiple E196’s 


To increase the programmable range of the E195 internal 
cascade circuitry has been included. This circuitry allows for 
the cascading of multiple E195’s without the need for any 
external gating. Furthermore this capability requires only one 
more address line per added E195. Obviously cascading 
multiple PDC’s will result in a larger programmable range, 
however, this increase is at the expense of a longer minimum 
delay. 


Figure 1 illustrates the interconnect scheme for cascading 
two E195’s. As can be seen, this scheme can easily be 


expanded for larger E195 chains. The D7 input of the E195 is 
the cascade control pin. With the interconnect scheme of 
Figure 1 when D7 is asserted it signals the need for a larger 
programmable range than is achievable with a single device. 


An expansion of the latch section of the block diagram is 
pictured below. Use of this diagram will simplify the 
explanation of how the cascade circuitry works. When D7 of 
chip #1 above Is low the cascade output will also be low while 
the cascade bar output will be a logical high. In this condition 
the SET MIN pin of chip #2 will be asserted and thus all of the 
latches of chip #2 will be reset and the device will be set at its 
minimum delay. Since the RESET and SET inputs of the 
latches are overriding any changes on the AO—A6 address bus 
will not affect the operation of chip #2. 


Chip #1 on the other hand will have both SET MIN and SET 
MAX de-asserted so that its delay will be controlled entirely by 
the address bus AO-A6. If the delay needed is greater than 
can be achieved with 31.75 gate delays (1111111 on the 
AO-A6 address bus) D7 will be asserted to signal the need to 
cascade the delay to the next E195 device. When D7 is 
asserted the SET MIN pin of chip #2 will be de-asserted and 
the delay will be controlled by the AO-A6 address bus. Chip #1 
on the other hand will have its SET MAX pin asserted 
resulting in the device delay to be independent of the AO-A6 
address bus. 


When the SET MAX pin of chip #1 is asserted the DO and D1 
latches will be reset while the rest of the latches will be set. In 
addition, to maintain monotonicity an additional gate delay is 
selected in the cascade circuitry. As a result when D7 of chip 
#1 Is asserted the delay increases from 31.75 gates to 32 
gates. A 32 gate delay is the maximum delay setting for 
the E195. 


When cascading multiple PDC’s it will prove more cost 
effective to use a single E196 for the MSB of the chain while 
using E195 for the lower order bits. This is due to the fact that 
only one fine tune input is needed to further reduce the delay 
step resolution. 


ADDRESS BUS (A0-A6) 





OUTPUT 


Figure 1. Cascading Interconnect Architecture 
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TO SELECT MULTIPLEXERS 


02 Q2 D3 Q3 


LEN LEN 
Reset Reset Reset Reset 


D4 Q4 


LEN 
Reset Reset 


BIT? 






CASCADE 
CASCADE 


DS Q5 06 Q6 


D7 


LEN LEN 
Reset Reset Reset Reset 


LEN 
Reset Reset 


Figure 2. Expansion of the Latch Section of the E195 Block Diagram 
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MOTOROLA 


SEMICONDUCTOR 
TECHNICAL DATA 


Advanced Information 
Data Separator 


The MC10E197 is an integrated data separator designed for use in 
high speed hard disk drive applications. With data rate capabilities of up 
to 50Mb/s the device ts ideally suited for today’s and future 
state-of-the-art hard disk designs. 


The E197 is typically driven by a pulse detector which reads the 
magnetic information from the storage disk and changes it into ECL DATA SEPARATOR 
pulses. The device 1s capable of operating on both 2:7 and 1:7 RLL 
coding schemes. Note that the E197 does not do any decoding but rather 
prepares the disk data for decoding by another device. 

For applications with higher data rate needs, such as tape drive 
systems, the device accepts an external VCO. The frequency capability 
of the integrated VCO is the factor which limits the device to 50Mb/s. 

A special anti-equivocation circuit has been employed to ensure timely 
lock-up when the arriving data and VCO edges are coincident. 

Unlike the majority of the devices in the ECLinPS family, the E197 Is Ty 


available in only 10H compatible ECL. The device is available in the J 


CI 
standard 28-lead PLCC. 

Since the E197 contains both analog and digital! circuitry, separate FN SUFFIX 
supply and ground pins have been provided to minimize noise coupling PLASTIC PACKAGE 


inside the device. The device can operate on either standard negative CASE 776-02 
ECL supplies or, as is more common, on positive voltage supplies. 





e 2:7 and 1:7 RLL Format Compatible 

e Fully Integrated VCO for 50Mb/s Operation 

e External VCO Input for Higher Operating Frequency 
e Anti-equivocation Circuitry to Ensure PLL Lock 


LOGIC DIAGRAM 


RDEN 
REFCLK PHASE FREQUENCY 
DETECTOR 
CAP1_[ | INTERNAL 
CAP2-L_, vco 









CHARGE PUMPUP 
VCOIN SAREE 
; PUMPDN 
EXTVCO SOURCES 
DATA RSETUP 
ENVGO PHASE alka 
a DETECTOR RSETDN 
= RDATA 
ACQ ACQUISITION rena 
TYPE CIRCUITRY BUFFER RDCLK 





This document contains information on a new product Specifications and information herein are subject to change without notice. 
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MC10E197 


Pinout: 28-Lead PLCC (Top View) 


|] Vecvco 
] cape 


p= 
Qo 
ro) 
> 
= 


[So] 
a 
= 






24 


RFFCLK 

RFFCLK[|> 
RAWD 
RAWD [oo 

RSETUPT | 
Yeco1U 





PUMPDN[ |<o 


PIN DESCRIPTIONS 


REFCLK Reference clock equivalent to one clock cycle per decoding window. 
RDEN Enable data synchronizer when HIGH When LOW enable the phase/frequency detector steered by REFCLK 


RAWD Data Input to Synchronizer logic. 














VCOIN VCO control voltage input 
CAP 1/CAP2 VCO frequency controlling capacitor inputs 


ENVCO VCO select pin. LOW selects the internal VCO and HIGH selects the external VCO input. Pin floats LOW when left open. 


EXTVCO External VCO pin selected when ENVCO is HIGH 
ACQ Acquisition circuitry select pin. This pin must be driven HIGH at the end of the data sync field for some sync field types. 


jaca 
(2:7 RLL code). When HIGH it selects a sync field interspersed with 2 zeroes (1:7 RLL code). 


Voc: Veco. Most positive supply rails. Digital and analog supplies are independent on chip 
VCCvco 


VEE; VEEVCO Most negative supply rails. Digital and analog supplies are independent on chip 
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DC CHARACTERISTICS (VEEg = VEE(min) to VEE(max); Vcc = GND or Vcc = 4.75V to 5.25V; Veg = GND) 
a 





































Condition 


10H LOGIC LEVELS 
——— 
DC CHARACTERISTICS (VEE = VEEVCO = GND; Vcc = Vcco1 = VCCVCO = +5 volts*) 


IOUT Charge Pump Output 1 1 1 pA 3 
Leakage Current 
DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VCCO + VCCO1 = VCCVCO = GND) 
leas 
Output LOW Voltage 3050 3370 3050 3405 





| Ice —_ | Power Supply Current 90 150 180 | 90 150 180 | 90 150 180 | mA; | 
VACT PUMPUP/PUMPDN Voc -2.5 Voc | Voc -25 Voc | Voc -2.5 Voc Vv 
Active Voltage Range 
a ae nae. Ai le 
Output LOW Voltage -1950 -1630 | -1950 1630 | -1950 -1595| mv| 
pov 
POSITIVE EMITTER COUPLED LOGIC LEVELS 
oc 

| Vin _|_ Input HIGH Voltage 3830 4160 } 3870 4190 | 3940 4280 





Input LOW Voltage 3050 3520 | 3050 3050 | 3050 3555 


“VOH and Vo, levels will vary 1 1 with Voc 


AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = GND or Vcc = 4.75V to 5.25V; Veg = GND) 


Time from RDATA Valid to 
Rising Edge of RDCLK 
Time from Rising Edge of 
RDCLK to RDATA invalid 
Skew Between RDATA and 
RDATA 


4,7 
4,7 


1. Applies to the input current for each input except VCOIN 


2 Foranominal set current of 3.72mA, the resistor values for RSETUP and RSETDN should be 1302(0 1%) Assuming no variation between these two resistors, the 
currentmatch between the PUMPUP and PUMPDN output signals should be withint3% IgeTiscalculated as (Vee+ 1 3v—Vp_e)/R, where Ris RSETUP or RSETDN 
and a nominal value for Vpe is 0 85 volts 


3 Output leakage current of the PUMPUP or PUMPDN output signals when at a LOW level 

4 Tyco 's the period of the VCO. 

5. The VCO frequency determined with VCOIN = Veg + 0 5 volts and using a 10pF tuning capacitor 

6 bid tuning ratio is defined as the ratio of fycOMAxX to FyComin where fyCOMAX'!S measured at VCOIN=1 3V+ VEE andfyCQmMaAX'!s Measured at VCOIN = 2 6V + 
EE 
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RDATA 


RDCLK 


—— tt ——aoi—_—_ tt - 


SETUP AND HOLD TIMING DIAGRAMS 


APPLICATIONS INFORMATION 
General Operation 


Operation 


The E197 is a phase-locked loop circuit consisting of an 
internal VCO, a Data Phase detector with associated 
acquisition circuitry, and a Phase/Frequency detector (Figure 
1). In addition, an enable pin(ENVCO) is provided to disable 
the internal VCO and enable the external VCO input. Hence, 
the user has the option of supplying the VCO signal. 

The E197 contains two phase detectors: a data phase 
detector for synchronizing to the non-periodic pulses in the 
read data stream during the data read mode of operation, and 
a phase/ frequency detector for frequency (and phase) locking 
to an external reference clock during the “idle” mode of 
operation. The read enable (RDEN) pin muxes between these 
two detectors. 


Data Read Mode 


The data pins (RAWD) are enabled when the RDEN pin is 
placed at a logic high level, thus enabling the Data Phase 
detector (Figure1) and initiating the data read mode. In this 
mode, the loop is servoed by the timing information taken from 
the positive edges of the input data pulses. This phase 
detector samples positive edges from the RAWD signal and 
generates both a pump up and pump down pulse from any 
edge of the input data pulse. The leading edge of the pump up 
pulse is time modulated by the leading edge of the data signal, 
whereas the rising edge of the pump up pulse is generated 
synchronous to the VCO clock. The falling edge of the pump 
down pulse is synchronous to the falling edge of the VCO 
clock and the rising edge of the pump down signal is 
synchronous to the rising edge of the VCO clock. Since both 
edges of the VCO are used the internal clock a duty cycle of 
50%. This pulse width modulation technique is used to 
generate the servoing signal which drives the VCO. The pump 
down signal is a reference pulse which is included to provide 
an evenly balanced differential system, thereby allowing the 
synthesis ofa VCO input control signal after appropriate signal 
processing by the loop filter. 


By using suitable external filter circuitry, a control signal for 
input into the VCO can be generated by inverting the pump 
down signal, summing the inverted signal with the pump up 
signal and averaging the result. The polarity of this control 
signal is defined as zero when the data edges lead the clock 
by a half clock cycle. If the data edges are advanced with 
respect to the zero polarity data/VCO edge relationship, the 
control signal is defined to have a negative polarity; whereas 
if the VCO is advanced with respect to the zero polarity 
data/VCO edge relationship, the control signal is defined to 
have a positive polarity. If there is no data edge present at the 
RAWD input, the corresponding pump up and pump down 
outputs are not generated and the resulting control output is 
zero, 


Acquisition Circuitry 

The acquisition circuitry is provided to assist the data phase 
detector in phase locking to the sync field that precedes the 
data. For the case in which lock-up is attempted when the data 
edges are coincident with the VCO edges, the pump down 
signal may enter an indeterminate state for an unacceptably 
long period due to the violation of internal set up and hold 
times. After an initial pump down pulse, the circuit blocks 
successive pump down pulses, and inserts extra pump up 
pulses, during portions of the sync field that are known to 
contain zeros. Thus, the data phase detector is forced to have 
a nonzero output during the lock-up period, and the restoring 
force ensures correction of the loop within an acceptable time. 
Hence, this circuitry provides a quasi-deterministic pump 
down output signal, under the condition of coincident data and 
VCO edges, allowing lock-up to occur with excessive delays. 

The ACQ line is provided to disable (disable = HIGH) the 
acquisition circuit during the data portion of a sector block. 
Typically, this circuit is enabled at the beginning of the sync 
field by a one-shot timer to ensure a timely lock-up. 

The TYPE line allows the choice between two sync field 
preamble types; transitions interspersed with two zeros 
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between transitions. These types of sync fields are used with 
the 1:7 and 2:7 coding schemes, respectively. 


Idle Mode 


In the absence of data or when the drive is writing to the disk, 
PLL servoing is accomplished by pulling the read enable line 
(RDEN) low and providing a reference clock via the REFCLK 
pins. The condition whereby RDEN is low selects the 
Phase/Frequency detector (Figure 1) and the 10E197 is said 
to be operating in the “idle mode”. In order to function as a 
frequency detector the input waveform must be periodic. The 
pump up and pump down pulses from the Phase/Frequency 
detector will have the same frequency, phase and pulse width 
only when the two clocks that are being compared have their 
positive edges aligned and are of the same frequency. 

As with the data phase detector, by using suitable external 
filter circuitry, a VCO input control signal can be generated by 


MC10E197 


inverting the pump down signal, summing the inverted signal 
with the pump up signal and averaging the result. The polarity 
of this control signal is defined as zero when all positive edges 
of both clocks are coincident. For the case in which the 
frequencies of the two clocks are the same but the clock edges 
of the reference clock are slightly advanced with respect to the 
VCO clock, the contro! clock is defined to have a positive 
polarity. A control signal with negative polarity occurs when 
the edges of the reference clock are delayed with respect to 
those of the VCO. If the frequencies of the two clocks are 
different, the clock with the most edges per unit time will initiate 
the most pulses and the polarity of the detector will reflect the 
frequency error. Thus, when the reference clock is high in 
frequency than the VCO clock the polarity of the control signal 
is positive; whereas a control signal with negative polarity 
occurs when the frequency of the reference clock is lower than 
the VCO clock. 


Phase-Lock Loop Theory 


Introduction 


Phase lock loop (PLL) circuits are fundamentally feedback 
systems used to synchronize the frequency of an oscillator to 
an incoming signal. In addition to frequency synchronization, 
the PLL circuitry is designed to minimize the phase difference 
between the system input and output signals. A block diagram 
of a feedback control system is shown in Figure 1. 


where: 
A(s) is the product of the feed-forward transfer functions. 





Figure 1. Feedback System 


B(s) is the product of the feedback transfer functions. 
The transfer function for this closed loop system is 


Xo(s) A(s) 


X(s) «1. + A(S)B(S) 


Typically, phase lock loops are modeled as feedback 
systems connected in a unity feedback configuration (B(s)=1) 
with a phase detector, a VCO (voltage controlled oscillator), 
and a loop filter in the feed-forward path, A(s). Figure 2 
illustrates a phase lock loop as a feedback control system in 
block diagram form. 










PHASE 
DETECTOR LOOP FILTER 


Figure 2. Phase Lock Loop Block Diagram 


Fj 


< 
QO 
Oo 






The closed loop transfer function is: 


K 
Nols). Mere FO) 


KI)” Tak Korey 


where: 
= the phase detector gain. 
Ko= the VCO gain. Since the VCO introduces a 
pole at the origin of the s-plane, Ko Is divided 
by s. 
F(s) = the transfer function of the loop filter. 


The 10E197 is designed to implement the phase detector 
and VCO functions in a unity feedback loop, while allowing the 
user to select the desired filter function. 


Gain Constants 


As mentioned, each of the three sections in the phase lock 
loop block diagram has an associated open loop gain 
constant. Further, the gain constant of the filter circuitry is 
composed of the product of three gain constants, one for each 
filter subsection. The open loop gain constant of the 
feed-forward path is given by 
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Kol = Kg * Ko * Ky * Ki * Kg 
eqt. 1 
and obtained by performing a root locus analysis. 


Phase Detector Gain Constant 


The gain of the phase detector is a function of the operating 
mode and the data pattern. The 10E197 provides data 
separation for signals encoded in 2:7 or 1:7 RLL encoding 
schemes; hence, Tables 1 and 2 are coding tables for these 
schemes. Table 3 lists nominal phase detector gains for both 
2:7 and 1:7 sync fields. 


NRZ Data Sequence Code Sequence 
00 1000 
01 0100 
100 001000 
101 100100 
111 000100 


1100 00001000 
1101 00100100 
Table 1. 2:7 RLL Encoding Table 


NRZ Data Sequence Code Sequence 


00 X01 
01 010 
10 X00 


010001 
X00000 
X00001 
010000 























An X in the leading bit of a code sequence is assigned the 


complement of the bit 
Table 2. 1:7 RLL Encoding Table 


Read Mode Idle Mode 


121 mV/radian 484 mV/radian 
161 mV/radian 483 mV/radian 


Table 3. Phase Detector Gain Constants 


VCO Gain Constant 


The gain of the VCO is a function of the tuning capacitor. 
For a value of 10pF a nominal value of the gain, Ko, is 
20MHz per volt. 














Filter Circuitry Gain Constant(s) 
The open loop gain constant of the filter circuitry is given by: 


Ktc = Ky * Kj *Kq eqt. 2 
The individual gain constants are defined in the appropriate 
subsections of this document. 


Loop Filter 


The two major functions of the loop filter are to remove any 
noise or high frequency components present in the phase 
detector output signal and, more importantly, to control the 
characteristics which determine the dynamic response of the 
phase lock loop; i.e. capture range, loop bandwidth, capture 
time, and transient response. 

Although a variety of loop filter configurations exist, this 
section will only describe a filter capable of performing the 
signal processing as described in the Data Read Mode and 
the Idle Mode sections. The loop filter consists of a differential 
summing amplifier cascaded with an augmenting integrator 
which drives the VCOIN input to the 10E197 through a resistor 
divider network (Figure 3). 

The transfer function and the element values for the loop 
filter are derived by dividing the filter into three cascaded 
subsections: filter input, augmenting integrator, and the 
voltage divider network (Figure4). 


Loop Filter Transfer Function 


The open loop transfer function of the phase lock loop is the 
product of each individual filter subsection, as well as the 
phase detector and VCO. Thus, the open loop filter transfer 
function is: 


Fo(s) = Kg * 2. * F4(s) * Fi(s) * Fa(s) 


where: 
Fis) =K1 "eyo * 
S)= Soe aa 2 Ao thea Re ee 
i T(s+pq)  [s2+ (26054) $+ 024] 
ay ae (s + 2) 
ries s [s2 + (200.5) $ + O25] 
02 02 
ri 1 
Fg(s) = Kg 


(s + p2) 
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Figure 3. Loop Filter Circuitry 









FILTER AUGMENTNG VOLTAGE 
INPUT INTEGRATOR DIVIDER 
z Fy{(s e Fi(s a Fo(s' | 


Figure 4. Loop Filter Block Diagram 


Fi(s) O F(g)=F 4 (S)Fils)Fa(s) 





A root locus analysis is performed on the open loop transfer 
function to determine the final pole-zero locations and the 
open loop gain constant for the phase lock loop. Note that the 
open loop gain constant impacts the crossover frequency and 
that a lower frequency crossover point means a much more 
efficient filter. Once these positions and constants are 
determined the component values may be calculated. 


Ry Ry 


lpumpuP (y) 


VEEVCO 





VEEVCO 





Veevco VEEVCO Vecvco 


Figure 5. Filter Input Sunsection 


Filter Input 


The primary function of the filter input subsection is to 
convert the output of the phase detector into a single ended 
signal for subsequent processing by the integrator circuitry. 
This subsection consists of the 10E197 charge pump current 


sinks, two shunt capacitors, and a differential summing 
amplifier (Figure 5). 

Hence, this portion of the filter circuit contributes a real pole 
and two complex poles to the overall loop transfer function 
F(s). Before these pole locations are selected, appropriate 
values for the current setting resistors (RSETUP and 
RSETDN) must be ascertained. The goal in choosing these 
resistor values is to maximize the gain of the filter input 
subsection while ensuring the charge pump output transistors 
operate in the active mode. The filter input gain is maximized 
for a charge pump current of 1.1mA; a value of 464Q for both 
RSETUP and RSETDN yields a nominal charge pump current 
of 1.1mA. 


RSETUPO O RSETDN 





4640. 


ELECTRONIC SWITCH 


VEEVCO 


Figure 6. Dual Bandwidth Current 
Source Implementation 


It should be noted that a dual bandwidth implementation 
of the phase lock loop may be achieved by modifying the 
current setting resistors such that an electronic switch 
enables one of two resistor configurations. Figure 6 shows 
a circuit configuration capable of providing this dual 
bandwidth function. Analysis of the filter input circuitry yields 
the transfer function: 





ECLinPS and ECLinPS Lite 


2-87 





MC10E197 


1 1 
AS =k 
(s+p1)  [s?+ (20@,54) $+ w84] 
The gain constant is defined as: 
Peet 
Ki, =Ay*2— eqt. 3 


CIN 
where: 


A41= Op-amp gain constant for the 
selected pole positions. 


CIN = phase detector shunt capacitor. 


The real pole is a function of the input resistance to the 
op-amp and the shunt capacitors connected to the phase 
detector output. For stability the real pole must be placed 
beyond the unity gain frequency; hence, this pole is typically 
placed midway between the unity crossover and phase 
detector sampling frequency, which should be about ten 
times greater. 

The second order pole set arises from the two pole model 
for an op-amp. The open loop gain and the first open loop pole 
for the op-amp are obtained from the data sheets. Typically, 
op-amp manufacturers do not provide information on the 
location of the second open loop pole; however, it can be 
approximated by measuring the roll off of the op-amp in the 
open loop configuration. The second pole is located where the 
gain begins to decrease at a rate of 40dB per decade. The 
inclusion of both poles in the differential summing amplifier 
transfer function becomes important when closing the 
feedback path around the op-amp because the poles migrate; 
and this migration must be accounted for to accurately 
determine the phase lock loop transient performance. 

Typically the op-amp poles can be approximated by a pole 
pair occurring as a complex conjugate pair making an angle 
of 45° to the real axis of the complex frequency plane. Two 
constraints on the selection of the op-amp pole pair are that 
the poles lie beyond the crossover frequency and they are 
positioned for near unity gain operation. Performing a root 
locus analysis on the op-amp open loop configuration and 
adhering to the two constraints yields the pole positions 
contributed by the op-amp. 


Determination of Element Values 


Since the difference amplifier is configured to operate as a 
differential summer the resistor values associated with the 
amplifier are of equal value. Further, the typical input 
resistance to the summing amplifier is 1kQ; thus, the op-amp 
resistors are set at 1 kQ. Having set the input resistance to the 
op-amp and selected the position of the real pole, the value of 
the shunt capacitors is determined using the following 
relationship: 


a 1 


Augmenting Integrator 


The augmenting integrator consists of an active filter with a 
lag-lead network in the feedback path (Figure 7). 


RIA Ra CA 





Vecvco 


Figure 7. Integrator Subsection 


Analysis of this portion of the filter circuit yields the transfer 
function: 


i (S +2) 


Ss [s2 + (20099) S+ 025] 





F4(s) = Ky * 


The gain constant is defined as: 





Kj = Aj * eqt. 5 


RIA 
where: 
A} =  op-amp gain constant for selected pole positions. 


Ra = integrator feedback resistor. 
RA = integrator input resistor. 


The integrator circuit introduces a zero, a pole at the origin, 
and a second order pole set as described by the two pole 
model for an op-amp. As in the case of the differential 
summing amplifier, we assume the op-amp pole pair occur as 
a complex conjugate pair making an angle of 45° to the real 
axis of the complex frequency plane; are positioned for near 
unity gain operation; and are located beyond the crossover 
frequency. Since both the summing and integrating op-amps 
are realized by the same type of op-amp (MC34182D), the 
open loop pole positions for both amplifiers will be the same. 

Further, the loop transfer function contains two poles 
located at the origin, one introduced by the integrator and the 
other by the VCO; hence a zero is necessary to compensate 
for the phase shift produced by these poles and ensure loop 
stability. The op-amp will be stable if the crossover point 
occurs before the transfer function phase angle becomes 
180°. The zero should be positioned much less than one 
decade before the unity gain frequency. 
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As in the case of the filter input circuitry, the poles and zero 
from this analysis will be used as open loop poles and a zero 
when performing the root locus analysis for the complete 
system. 


Determination of Element Values 


The location of the zero is used to determine the element 
values for the augmenting integrator. The value of the 
capacitor, Ca, Is selected to provide adequate charge storage 
when the loop is not sampling data. A value of 0.1uF is 
sufficient for most applications; this value may be increased 
when the RDCLK frequency is much lower than 4 MHz. The 
value of Ra is governed by: 


1 


|z|= —__ 
2nRaCa 


eqt. 6 


For unity gain operation of the integrating op-amp the value of 
RIA is selected such that: 


RIA = Ra eqt. 7 


It should be noted that although the zero can be tuned by 
varying either Ra or Ca, caution must be exercised when 
adjusting the zero by varying Ca because the integrator gain is 
also a function of Ca. Further, the gain of the loop filter can be 
adjusted by changing the integrator input resistor Rj,. 


Voltage Divider 


The input range to the VCOIN input is from 1.3V + VEE to 
2.6V + VEE; hence, the output from the augmenting amplifier 
section must be attenuated to meet the VCOIN constraints. A 
simple voltage divider network provides the necessary 
attenuation (Figure 8). 
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In addition, a shunt filter capacitor connected between the 
VCOIN input pin and VEE provides the voltage divider 
subsection with a single time constant transfer function that 
adds a pole to the overall loop filter. The transfer function for 
the voltage divider network is: 


1 
(Ss + p2) 





Fa(s) = Kg * 


The gain constant, Kg, is defined as: 


1 
Ry Cq 





Kg = eqt. 9 


The value of Kq is easily extracted by rearranging Equation 1: 


a eqt. 10 
d= Ky * Ko * Ky * Ky qt. 

The gain constant Kg is set such that the output from the 

integrator circuit is within the range 1.3V +VEg to 2.6V +VEE. 

The pole for the voltage divider network should be positioned 


an octave beyond that for the filter input. 
Determination of Element Values 


Once the pole location and the gain constant Kg are 
established the resistor values for the voltage divider network 
are determined using the design guidelines mentioned above 
and from the following relationship: 


Ro 


oN oy ois Oh 
~ Ro + Ry 


2n|po| 


Having determined the resistor values, the filter capacitor is 





Ry calculated by rearranging Equation 9: 
VIN : 
Cg = ———_ eqt. 9a 

Ro i‘ Ry Kg 

Cq Vo Finally, a bias diode is included in the voltage divider network 
Dg to provide temperature compensation. The finite resistance of 

this diode is neglected for these calculations. 
Figure 8. Voltage Divider Subsection 
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Calculations For a 2:7 Coding Scheme 


Introduction 


The circuit component values are calculated for a 2:7 coding 
scheme employing a data rate of 23Mbit/sec. Since the 
number of bits is doubled when the data is encoded, the data 
clock is at half the frequency of the RDCLK signal. Thus, the 
operating frequency for these calculations is 46MHz. Further, 
the pole and zero positions are a function of the data rate; 
hence, the component values derived by these calculations 
must be scaled if a different operating frequency is used. 
Finally, it should be noted that the values are optimized for 
settling time. 

The analysis is divided into three parts: static pole 
positioning, dynamic pole positioning, and dynamic zero 
positioning. Dynamic poles and zeros are those which the 
designer may position, to yield the desired dynamic response, 
through the judicious choice of element values. Static poles 
are not directly controlled by the choice of component values. 


Static Poles 


Each op-amp introduces a pair of “static” complex 
conjugate poles which must lie beyond the crossover 
frequency. As obtained from the data sheets and laboratory 
measurements, the two open loop poles for the MC34182D 
are: 


Pt4q =—-0.1Hz 
P*4p = -11.2Hz 


Performing a root locus analysis and following the two 
guidelines previously stated, an acceptable pole set is: 


Pia =— 5.65 + j5.65MHz 
P1p = — 5.65 — j5.65MHz 


Both op-amps introduce a set of static complex conjugate 
poles at these positions for a total of four poles. Further, the 
loop gain for each op-amp associated with these pole 
positions is determined from the root locus analysis to be: 


Ay = Ap = 2.48 e15— 


In addition to the op-amps, the integrator and the VCO each 
contribute a static pole at the origin. Thus, there are a total of 
six static poles. 


Dynamic Poles 


The filter input and the voltage divider sections each 
contribute a dynamic pole. As stated previously, the filter input 
pole should be positioned midway between the unity 
crossover point and the phase detector sampling frequency. 
Hence, the open loop filter input pole position is selected as: 


P*4 =—1.24MHz 


The voltage divider pole is set approximately one octave 
higher than the filter input pole. Thus the open loop voltage 
divider pole position is picked to be: 


P*o =—2.57MHz 
Dynamic Zero 


Finally, the zero is positioned much less than one decade 
before the crossover frequency; for this design the zero is 
placed at: 


=—311Hz 


Once the dynamic pole and zero positions have been 
determined, the phase margin is determined using a Bode 
plot; if the phase margin is not sufficient, the dynamic poles 
may be moved to improve the phase margin. Finally, a root 
locus analysis is performed to obtain the optimum closed loop 
pole positions for the dynamic characteristics of interest. 


Component Values 


Having determined the closed loop pole and zero positions 
the component values are calculated. From the root locus 
analysis the dynamic pole and zero positions are: 


Py =— 573kHz 
Po = — 3.06MHz 
z=—311Hz 


Filter Input Subsection 


Rearranging Equation 4: 


1 
CIN “On Ry |p4 | 


and substituting 573 kHz for the pole position and 1 kQ for 
the resistor value yields: 
CIN = 278 pF 


Augmenting Integrator Subsection 


Rearranging Equation 6: 


oth 8 
an |z| 
CA 
and substituting 311Hz for the zero position and 0.1,F for the 
capacitor value yields: 


RA = 
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Ra = 5.11kQ 


From Equation 7 the value for the other resistors associated 
with the integrator op-amp are set equal to Ra: 


RIA = RA = §.11kQ 


Voltage Divider Subsection 


The element values for the voltage divider network are 
calculated using the relationships presented in Equations 8, 
9, and 10 with the constraint that this divider network must 
produce a voltage that lies within the range 1.3V + VEE to2.6V 


+ VEE. 
Restating Equation 9, 


Kol 


Kd = Ko * Ko * Ki *K 


From the root locus analysis Ko} is determined to be: 


V 
Ko| = 1.585 e51————_ 
al mA sec3 


From Equation 3 


~ 1 
RIAN oy 


and the gain constant Kj is: 


V 
Ki = 8.90 e21———_- 
1 mA sec 


From Equation 5 


aR 
Kj = A| fa 


and the gain constant Ky is: 


wv 
Kj = 2.48 e157) 


Having determined the gain constant Kg , the value of Ry, is 
selected such that the constraints Ry > Ro and: 


Kd Ro 
2n|po| ~ Ro + Ry 


are fulfilled. The pole position Pa is determined from the root 
locus analysis to be: 
Po =— 3.06MHz 
Hence, Ry is selected to be: 
Ry = 2.15kQ 


and Rog is calculated to be: 
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Ro = 7002 


Finally, using Equation 8a: 


1 


mdi Ry Kg 


eqt. 8a 


the capacitor value, Cq is: 
Cq = 98pF 


Note that the voltage divider section can be used to set the 
gain, but the designer is cautioned to be sure the input 
value to VCOIN is within the correct range. 


Component Scaling 


As mentioned, these design equations were developed for 
a data rate of 23 Mbit/sec. If the data rate is different from the 
nominal design value the reactive elements must be scaled 
accordingly. The following equations are provided to facilitate 
scaling and were derived with the assumptions that a 2:7 
coding scheme is used and that the RDCLK signal is twice the 
frequency of the data clock. 


46 


Cin = 278 * F 


(pF) eqt. 11 
£46: 


Cg = 98 ; 


(pF) eqt. 12 


where f is the RDCLK frequency in MHz. 
Example for an 11 Mbit/sec Data Rate 


As an example of scaling, assume the given filter and a 2:7 
code are used but the data rate is 11Mbit/sec. The dynamic 
pole positions, and therefore the bandwidth of the loop filter, 
are a function of the data rate. Thus a slower data rate will 
force the dynamic poles and the bandwidth to move to a lower 
frequency. From Equation 11 the value of Cyjy is: 

CIN = 581pF 


and from Equation 12 the value of Cq is: 
Cq = 205pF 
Thus the element values for the filter are: 


Filter Input Subsection: 


CIN = 581pF 
Ry = 1kQ 
Integrator Subsection: 
Ca = 0.1pF 
Ra = 5.11kQ 
RIA = 5.11kQ 
Voltage Divider Subsection: 
Cq = 205pF 
Ry = 2.15kQ 
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Ro = 700kQ 

Note, the poles P4 and Po are now located at: 
P4 =—274kHz 
Po = -1.47MHz 


And, the open loop filter unity crossover point is at 300kHz. 
The gain can be adjusted by changing the value of Ria and the 
value of Cg. Varying the gain by changing Cg is not 
recommended because this will also move the poles, hence 
affect the dynamic 2 performance of the filter. 


Calculations For a 1:7 Coding Scheme 


Introduction 


The circuit component values are calculated for a 1:7 
coding scheme employing a data rate of 20Mbit/sec. Since the 
number of bits increases from two to three when the data is 
encoded, the data clock is at two-thirds the frequency of the 
RDCLK signal. Thus, the operating frequency for these 
calculations is 30OMHz. As in the case of the 2:7 coding 
scheme the pole and zero positions are a function of the data 
rate, hence the component values derived by these 
calculations must be scaled if a different operating frequency 
is used. 

Again, the analysis is divided into three parts: static pole 
positioning, dynamic pole positioning, and dynamic zero 
positioning. 


Static Poles 


As in the 2:7 coding example, an MC34182D op-amp is 
employed, hence the pole set is: 


Pia =—5.65 + j5.65MHz 
Pip =— 5.65 — j5.65MHz 


and the open loop gain is: 


A\= Ap = 2.48 e15 
Since the op-amps introduce a set of complex conjugate 
poles, a total of four poles are introduced by the op-amp. In 
addition, the integrator and the VCO each contribute a pole at 
the origin for a total of six static poles. 


Dynamic Poles 


The filter input and the voltage divider sections each 
contribute a dynamic pole. As stated previously, the filter input 
pole should be positioned midway between the unity 
crossover point and the phase detector sampling frequency. 
Hence, the open loop filter input pole position is selected as: 


P*y =-1.1MHz 


The voltage divider pole is set approximately one octave 
higher than the filter input pole. Thus, the open loop voltage 
divider pole position is selected as: 


P"p = — 2.28MHz 


Dynamic Zero 


Finally, the zero is positioned much less than one decade 
before the crossover frequency; for this design the zero is 
placed at: 


z=-311Hz 


Once the dynamic pole and zero positions have been 
determined, the phase margin is determined using a Bode 
plot; if the phase margin is not sufficient, the dynamic poles 
may be moved to improve the phase margin. Finally, a root 
locus analysis is performed to obtain the optimum closed loop 
pole positions for the dynamic characteristics of interest. 


Component Values 
Having determined the closed loop pole and zero positions 


the component values are calculated. From the root locus 
analysis the dynamic pole and zero positions are: 


Py =—541kHz 
Po = — 2.73MHz 
z=~311Hz 


Filter Input Subsection 


Rearranging Equation 4 


1 
CIN “2n Ry | py | 


and substituting 541kHz for the pole position and 1.0kQ for 
the resistor value yields: 


CIN = 294 pF 


Augmenting Integrator Subsection 


Rearranging Equation 6 


1 
AS oe IzICa 


and substituting 311Hz for the zero position and 0.1,F for the 
capacitor value yields: 
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RA = 5.11kQ 


From Equation 7 the value for the other resistors associated 
with the integrator op-amp are set equal to Ra: 


RIA = RA = §.11kQ 


Voltage Divider Subsection 


The element values for the voltage divider network are 
calculated using the relationships presented in Equations 8, 
9, and 10 with the constraint that this divider network must 
produce a voltage that lies within the range 1.3V + VEE to 2.6V 


+ VEE. 
Restating Equation 9, 


Kol 


Kd = "Ky "Ko * Ky Ki 


From the root locus analysis Kg| is determined to be: 
Ko = 1.258 e51 ¥ 


SECS 
From Equation 3: 


1 
po aes Crone 


and the gain constant K4: 


V 
Ky = 8.42 e21 —_——_—- 
1 mA sec 


From Equation 5: 


RA 
RA Ria 


and the gain constant K{ is: 


v 
Ki =2.48 e157) 


Kg = 2.98 e6 sec ~1 


Having determined the gain constant Kg , the value of Ry, is 
selected such that the constraints Ry > Ro and: 


Bd Re: 
2r Ip | a Ro + Ry 


are fulfilled. The pole position Pa is determined from the root 
locus analysis to be: 
Po =— 2.73MHz 
Hence, Ry is selected to be: 
Ry = 2.15kQ 
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and Ro is calculated to be: 
Ro = 4530 


Finally, using Equation 8a: 


1 


mae Ry Kg 


eqt. 8a 


the capacitor value, Cq is calculated to be: 
Cg = 156pF 


Again, note the voltage divider section can be used to set the 
gain, but the designer is cautioned to be sure the input value to 
VCOIN is within the correct range. 


Component Scaling 


As mentioned, these design equations were developed for 
a data rate of 20Mbit/sec. If the data rate is different from the 
nomina! design value the reactive elements must be scaled 
accordingly. The following equations provided are to facilitate 
scaling and were derived with the assumptions that a 1:7 
coding scheme is used and that the RDCLK signal is twice the 
frequency of the data clock: 


Cin = 294 = (pF) eqt. 13 


30 
f 





Cq = 156* (pF) eqt. 14 


where f is the RDCLK frequency in MHz. 
Example for an 10 Mbit/sec Data Rate 


As an example of scaling, assume the given filter and a 1:7 
code are used but the data rate is 10Mbit/sec. The dynamic 
pole positions and, therefore, the bandwidth of the loop filter, 
are a function of the data rate. Thus, a slower data rate will 
force the dynamic poles and the bandwidth to move to a lower 
frequency. From Equation 13 the value of Cjjy Is: 


CIN = 588pF 
and from Equation 14 the value of Cq is: 
Cg = 312pF 
Thus, the element values for the filter are: 


Filter Input Subsection: 
Cin = 588pF 
Ry = 1.0kQ 
Integrator Subsection: 


Ca = 0.1uF 
RA = 5.11kQ 
RIA = 5.11kQ 
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Voltage Divider Subsection: Py =— 271kHz 
Po = -1.36MHz 


And, the open loop filter unity crossover point is at 300kHz. 


Cq = 312pF 


Py ste As in the case of the 2:7 coding scheme, the gain can be 
Ro = 463kQ adjusted by changing the value of Ria and the value of Cq. 
Varying the gain by changing Cq is not recommended 
Note, the poles Py and Po are now located at: because this will also move the poles, hence affect the 


dynamic performance of the filter. 
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TECHNICAL DATA 


1:6 Differential Clock MC10E211 
Distribution Chip MC100E211 


The MC10E/100E211 1s a low skew 1:6 fanout device designed 
explicitly for low skew clock distribution applications. The device can be 
driven by either a differential or single-ended ECL or, if positive power 
supplies are used, PECL input signal (PECL is an acronym for Positive 1:6 DIFFERENTIAL 
ECL, PECL levels are ECL levels referenced to +5V rather than ground). 
If a single-ended input is to be used the Vgp pin should be connected to 
the CLK input and bypassed to ground via a 0.01p:F capacitor. The VBB 
supply is designed to act as the switching reference for the input of the 
E211 under single-ended input conditions, as a result this pin can only 
source/sink up to 0.5mA of current. 


CLOCK DISTRIBUTION CHIP 


e Guaranteed Low Skew Specification 
e Synchronous Enabling/Disabling I—w 
e Multiplexed Clock Inputs Tihs 
¢ VeBB Output for Single-Ended Use 


e Internal 75kQ Input Pulldown Resistors FN SUFFIX 
PLASTIC PACKAGE 


¢ Common and Individual Enable/Disable Control! CASE 776-02 


e High Bandwidth Output Transistors 
e Extended 100E VEE Range of -4.2V to -5.46V 





The E211 features a multiplexed clock input to allow for the distribution of a lower speed scan or test clock along with the high 
speed system clock. When LOW (or left open in which case it will be pulled LOW by the input pulldown resistor) the SEL pin will 
select the differential clock input. 


Both a common enable and individual output enables are provided. When asserted the positive output will go LOW on the next 
negative transition of the CLK (or SCLK) input. The enabling function is synchronous so that the outputs will only be 
enabled/disabled when the outputs are already in the LOW state. In this way the problem of runt pulse generation during the 
disable operation is avoided. Note that the internal flip flop is clocked on the falling edge of the input clock edge, therefore all 
associated specifications are referenced to the negative edge of the CLK input. 


The output transitions of the E211 are faster than the standard ECLinPS™ edge rates. This feature provides a means of 
distributing higher frequency signals than capable with the E111 device. Because of these edge rates and the tight skew limits 
guaranteed in the specification, there are certain termination guidelines which must be followed. For more details on the 
recommended termination schemes please refer to the applications information section of this data sheet. 


FUNCTION TABLE 





* Z = Negative transition of CLK or SCLK 


ECLinPS is a trademark of Motorola Inc. 
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EN4 EN5 Vcco @5 O58 4 4 





7 8 
Cea pe ee ee es 


5 6 
L_] 
CEN EN2 ENt ENO Veco Q0 00 


Pinout: 28-Lead PLCC (Top View) 


Q1-4 
Q1-4 





VBB <.|—_- 


Logic Diagram 
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DC CHARACTERISTICS (VEE = VeE(min) to VeE(max); Voc = Veco = GND) 


a 
een foe i TT 


Output Reference Voltage 
10E 
100E 


Input High Current 


Power Supply Current 
10E 
100E 











Propagation Delay to Output 
CLK to Q (Diff) 
CLK to Q (SE) 
SCLK to Q 
SEL toQ 


Disable Time Rad, 
CLK or SCLK to Q 800 800 800 


Part-to—Part Skew = 
CLK (Diff) to Q 270 270 270 
CLK (SE), SCLK to Q ah 20 
Within-Device Skew 

Setup Time 
ENx to CLK 100 es 100 pe 100 | -1 ae 
CEN to CLK 200 200 200 


Hold Time 
CLK to ENx, CEN 


Com. Mode Range (CLK) 


Rise/Fall imes 
20 — 80% 


Within-Device skew is defined for identical transitions on similar paths through a device. 

Setup, Hold and Disable times are all relative to a falling edge on CLK or SCLK. 

Minimum input swing for which AC parameters are guaranteed. Full DC ECL output swings will be generated with only 50mV input swings. 
The range in which the high level of the input swing must fall while meeting the Vpp spec. The lower end of the range is VEE dependant 
and can be calculated as VEE + 2.4V. 





ROS 
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APPLICATIONS INFORMATION 


General Description 


The MC10E/100E211 is a 1:6 fanout tree designed 
explicitly for low skew high speed clock distribution. The 
device was targeted to work in conjunction with the E111 
device to provide another level of flexibility in the design and 
implementation of clock distribution trees. The individual 
synchronous enable controls and multiplexed clock inputs 
make the device ideal as the first level distribution unit in a 
distribution tree. The device provides the ability to distribute a 
lower speed scan or test clock along with the high speed 
system clock to ease the design of system diagnostics and 
self test procedures. The individual enables could be used to 
allow for the disabling of individual cards on a backplane in 
fault tolerant designs. 


Because of lower fanout and larger skews the E211 will 
not likely be used as an alternative to the E111 for the bulk of 
the clock fanout generation. Figure 1 shows a typical 
application combining the two devices to take advantage of 
the strengths of each. 





Figure 1. Standard E211 Application 


Using the E211 in PECL Designs 


The E211 device can be utilized very effectively in designs 
utilizing only a +5V power supply. Since the internal switching 
reference levels are biased off of the Vcc supply the input 
thresholds for the single-ended inputs will vary with Vcc. Asa 
result the single-ended inputs should be driven by a device 
on the same board as the E211. Driving these inputs across a 
backplane where significant differences between the Vcc’s of 
the transmitter and receiver can occur can lead to AC 
performance and/or significant noise margin degradations. 
Because the differential 1/0 does not use a switching 
reference, and due to the CMR range of the E211, even 


under worst case Vcc situations between cards there will be 
no AC performance or noise margin loss for the differential 
CLK inputs. 


For situations where TTL clocks are required the E211 can 
be interfaced with the H641 or H643 ECL to TTL Clock 
Distribution Chips from Motorola. The H641 is a single supply 
1:9 PECL to TTL device while the H643 is a 1:8 dual supply 
standard ECL to TTL device. By combining the superior skew 
performance of the E211, or E111, with the low skew 
translating capabilities of the H641 and H643 very low skew 
TTL clock distribution networks can be realized. 


Handling Open Inputs and Outputs 


All of the input pins of the E211 have a 50kQ to 75kQ 
pulldown resistor to pull the input to VEE when left open. This 
feature can cause a problem if the differential clock inputs are 
left open as the input gate current source transistor will 
become saturated. Under these conditions the outputs of the 
CLK input buffer will go to an undefined state. It is 
recommended, if possible,that the SCLK input should be 
selected any time the differential CLK inputs are allowed to 
float. The SCLK buffer, under open input conditions, will 
maintain a defined output state and thus the Q outputs of the 
device will be in a defined state (Q = LOW). Note that if all of 
the inputs are left open the differential CLK input will be 
selected and the state of the Q outputs will be undefined. 


With the simultaneous switching characteristics and the 
tight skew specifications of the E211 the handling of the 
unused outputs becomes critical. To minimize the noise 
generated on the die all outputs should be terminated in 
pairs, ie. both the true and compliment outputs should be 
terminated even if only one of the outputs will be used in the 
system. With both complimentary pairs terminated the 
current in the Vcc pins will remain essentially constant and 
thus inductance induced voltage glitches on Vcc will not 
occur. Vcc glitches will result in distorted output waveforms 
and degradations in the skew performance of the device. 


The package parasitics of the 28-lead PLCC cause the 
signals on a given pin to be influenced by signals on adjacent 
pins. The E211 is characterized and tested with all of the 
outputs switching, therefore the numbers in the data book are 
guaranteed only for this situation. If all of the outputs of the 
E211 are not needed and there is a desire to save power the 
unused output pairs can be left unterminated. Unterminated 
outputs can influence the propagation delay on adjacent pins 
by 15ps - 20ps. Therefore under these conditions this 15ps - 
20ps needs to be added to the overall skew of the device. 
Pins which are separated by a package corner are not 
considered adjacent pins in the context of propagation delay 
influence. Therefore as long as all of the outputs on a single 
side of the package are terminated the specification limits in 
the data sheet will apply. 
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APPLICATIONS INFORMATION 


Differential versus Single-Ended Use 


As can be seen from the data sheet, to minimize the skew 
of the E211 the device must be used in the differential mode. 
In the single-ended mode the propagation delays are 
dependent on the relative position of the Vgp switching 
reference. Any Vpp offset from the center of the input swing 
will add delay to either the Tp. or TPH. and subtract delay 
from the other. This increase and decrease in delay will lead 
to an increase in the duty cycle skew and thus part-to-part 
skew. The within-device skew will be independent of the Vgp 
and therefore will be the same regardless of whether the 
device is driven differentially or single-endedly. 


For applications where part-to-part skew or duty cycle 
skew are not important the advantages of single-ended clock 
distribution may lead to its use. Using single-ended 
interconnect will reduce the number of signal traces to be 
routed, but remember that all of the complimentary outputs 
still need to be terminated therefore there will be no reduction 
in the termination components required. To use the E211 with 
a single-ended input the arrangement pictured in Figure 2b 
should be used. If the input to the differential CLK inputs are 
AC coupled as pictured in Figure 2a the dependence on a 
centered Vpp reference is removed. The situation pictured 
will ensure that the input is centered around the bias set by 
the Vpp. As a result when AC coupled the AC specification 
limits for a differential input can be used. For more 
information on AC coupling please refer to the interfacing 
section of the design guide in the ECLinPS data book. 


Using the Enable Pins 


Both the common enable (CEN) and the individual 
enables (ENx) are synchronous to the CLK or SCLK input 
depending on which is selected. The active low signals are 
clocked into the enable flip flops on the negative edges of the 
E211 clock inputs. In this way the devices will only be 
disabled when the outputs are already in the LOW state. The 
internal propagation delays are such that the delay to the 
output through the distribution buffers is less than that 
through the enable flip flops. This will ensure that the 
disabling of the device will not slice any time off the clock 
pulse. On initial power up the enable flip flops will randomly 
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attain a stable state, therefore precautions should be taken 
on initial power up to ensure the E211 is in the desired state. 





VBB 


Figure 2b. Single-Ended Input 
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TECHNICAL DATA 


3-Bit Scannable Registered MC10E212 
Address Driver MC100E212 


The MC10E/100E212 is a scannable registered ECL driver typically 
used as a fan-out memory address driver for ECL cache driving. Ina VLSI 
array based CPU design, use of the E212 allows the user to conserve 
array output cell functionality and also output pins. 


The input shift register is designed with contro! logic which greatly 3-BIT SCANNABLE 
facilitates its use in boundary scan applications. REGISTERED 


ADDRESS DRIVER 


e Scannable Version E112 Driver 

1025ps Max. CLK to Output 

Dual Differential Outputs 

Master Reset 

Extended 100E VEE Range of — 4.2V to — 5.46V 
Internal 75kQ Input Pulldown Resistors 





& 


aa 
= 
Pinout: 28-Lead PLCC (Top View) 
ee FN SUFFIX 


CASE 776-02 





LOGIC DIAGRAM 





aS 


NC Veco Qoa Qob Qa Qob Vcco 


* All Voc and Vcco pins are tied together on the die. LN ON 


Data Inputs 
Scan Input e 


ay 





LOAD/HOLD Control 
pea Control Do rr Opa 
ock Ob 
Reset 
Scan Output S-IN 
Q[0 2]a, Q(0:2]b } True Outputs LOAD 
Q[0.2]a, Q[0:2]b | Inverting Outputs SHIFT 
CLK 
MR 





ECLinPS and ECLinPS Lite 
2-100 


MC10E212 


DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VCCO = GND) 


Symbol Characteristic 


Fi | Input HIGH Current 


IEE Power Supply Current 


10E 
100E 










o°c 
Symbol Characteristic min 


tPLH Propagation Delay to Output 
CLK 

MR 

CLK to S-OUT 



























575 800 


575 800 
800 


§75 800 1025 
575 800 1025 
800 


Setup Time 
D 
SHIFT 
LOAD 
S-IN 
Hold Time 
D 
SHIFT 


LOAD 
S-IN 


a 
Ca a ee CE 


Rise/Fall Times 
20 - 80% 650 


1. Within-device skew ts defined as identical transitions on similar paths through a device 
2. Within-gate skew is defined as the difference in delays between various outputs of a gate when driven from the same input 


















FUNCTION TABLE 
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MOTOROLA 


SEMICONDUCTOR =a ea a 


TECHNICAL DATA 


8-Bit Scannable Register 


The MC10E/100E241 is an 8-bit shiftable register. Unlike a standard 
universal shift register such as the E141, the E241 features internal data 
feedback organized so that the SHIFT control overrides the HOLD/LOAD 
control. This enables the normal operations of HOLD and LOAD to be 
toggled with a single control line without the need for external gating. It 
also enables switching to scan mode with the single SHIFT control line. 


The eight inputs Do — D7 accept parallel input data, while S-IN accepts 
serial input data when in shift mode. Data is accepted a set-up time 
before the positive-going edge of CLK; shifting is also accomplished on 
the positive clock edge. A HIGH on the Master Reset pin (MR) 


asynchronously resets all the registers to zero. 


e SHIFT overrides HOLD/LOAD Control 

1000ps Max. CLK to Q 

e Asynchronous Master Reset 

© Pin-Compatible with E141 

e Extended 100E VEE Range of - 4.2V to ~— 5.46V 
e 75kQ Input Pulldown Resistors 


Pinout: 28-Lead PLCC (Top View) 
SELO NC D7 Dg Ds 





Dg Vecco Q9 Q Qe 


* All Vcc and Vcco pins are tied together on the die. 


PIN NAMES 


Parallel Date Inputs 
Serial Data Inputs 
SHIFT Control 


HOLD/LOAD Control 
Clock 

Master Reset 

Data Outputs 





MC10E241 
MC100E241 


8-BIT SCANNABLE 
REGISTER 





& 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 776-02 


LOGIC DIAGRAM 


S-IN 
OT a ES LS OES BE | 
| | 
| | 
| | 
Dy = Dg | 
{\ 
| BITS 1-6 =a | 


HOLD/LOAD 


SHIFT 
CLK 
MR 
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MC10E241 


DC CHARACTERISTICS (VEE = VEE(min) to aaa Voc = VCCo = GND) 


min typ max typ max 


Power Supply Current 
10E 125 150 125 150 125 150 
100E 125 150 125 150 144 173 





AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VCCO = GND) 


Symbol Characteristic min typ typ max max 


Pesier [Wax Si reeaney [100 ow [00000 [ro 200 Le 


tPLH Propagation Delay to Output 
tPHL Clk 
MR 


Setup Time 
D 
SELO (SHIFT) 
SEL1 (HOLD/LOAD) 
S-IN 


Hold Time 
D 
SELO (SHIFT) 
SEL1 (HOLD/LOAD) 
S-IN 


Minimum Pulse Width 
Clk, MR 


Skene ae a a eo 


tr Rise/Fall Times 
tf 20 - 80% 300 525 800 | 300 525 800 j 300 525 #800 


1. Within-device skew ts defined as identical transitions on similar paths through a device. 
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MOTOROLA 


SEMICONDUCTOR 
TECHNICAL DATA 


3-Bit 4:1 Mux-Latch MC10E256 
The MC10E/100E256 contains three 4:1 multiplexers followed by MC1 OOE256 


transparent latches with differential outputs. Separate Select controls are 
provided for the leading 2:1 mux pairs (see logic symbol). 


When the Latch Enable (LEN) is LOW, the latch is transparent, and 
output data is controlled by the multiplexer select controls. A logic HIGH 
on LEN latches the outputs. The Master Reset (MR) overrides all other 
controls to set the Q outputs LOW. 3-BIT 4:1 


e 950ps Max. D to Output MUX-LATCH 


850ps Max. LEN to Output 

e Split Select 

© Differential Outputs 

e Extended 100E Veg Range of — 4.2V to — 5.46V 


e 75kQ Input Pulldown Resistors S&S: 








FN SUFFIX 
PLASTIC PACKAGE 
CASE 776-02 





Pinout: 28-Lead PLCC (Top View) 
Dib Dia Dog Dae Dah Doa Veco 


FUNCTION TABLE 


[Pin Site [Operation ——_—| 


H Output c/d Data 
Input d Data 
Input b Data 









PIN NAMES 


Dox ~ Dox Data Inputs 
SEL1A, SEL1B First-stage Select Inputs 


SEL2 Second-stage Select input 
LEN Latch Enable 
MR Master Reset 
Qo, Qo - Qe, Qo Data Outputs 





Dig Doa Dob Doc Dod Veco Qo 


* All Vcc and Vcco pins are tied together on the die. 
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MC10E256 


LOGIC DIAGRAM 


Dic 


Did 


Dea 


Dob 


Doc 


Dog 


SELIA 
SEL1B 
SEL2 
LEN 
MR 





DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = Vcco = GND) 


69 83 
79 96 


Power Supply Current 
10E 
100E 


at _| 
ek 
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MC10E256 


AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VCCO = GND) 


D 
SEL1 
SEL2 
LEN 
MR 


Setup Time 
D 
SEL1 


SEL2 


Hold Time 
D 
SEL1 
SEL2 





1. Within-device skew is defined as identical transitions on similar paths through a device. 
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MOTOROLA 


SEMICONDUCTOR ae a ee ee ee 


TECHNICAL DATA 


3-Bit Registered Bus 
Transceiver 


The MC10E/MC100E336 contains three bus transceivers with both 
transmit and receive registers. The bus outputs (BUSO-BUS2) are 
specified for driving a 25Q bus; the receive outputs (Q0—-Q2) are 
specified for 50Q. The bus outputs feature a normal HIGH level (VQH) and 
a cutoff LOW level — when LOW, the outputs go to -2.0V and the output 
emitter-follower is “off”, presenting a high impedance to the bus. The bus 
outputs also feature edge slow-down capacitors. 








e 250 Cutoff Bus Outputs 

e 50Q Receiver Outputs 

e Transmit and Receive Registers 

e 1500ps Max. Clock to Bus 

e 1000ps Max. Clock to Q 

e Bus Outputs Feature Internal Edge Slow-Down Capacitors 
e Additional Package Ground Pins 

e Extended 100E Veg Range of — 4.2V to — 5.46V 

© 75kQ Input Pulldown Resistors 


The Transmit Enable pins (TEN) control whether current data is held in 
the transmit register, or new data is loaded from the A/B inputs. ALOW on 
both of the Bus Enable inputs (BUSEN), when clocked through the 
register, disables the bus outputs to —2.0V. 





MC10E336 
MC100E336 


3-BIT REGISTERED 
BUS TRANSCEIVER 


& 


PLASTIC PACKAGE 
CASE 776-02 


The receiver section clocks bus data into the receive registers, after gating with the Receive Enable (RXEN) input. 


All registers are clocked by a positive transition of CLK1 or CLK2 (or both). 


Additional leadframe grounding is provided through the Ground pins (GND) which should be connected to OV. The GND pins 


are not electrically connected to the chip. 


Pinout: 28-Lead PLCC (Top View) 
TEN2 TEN1 Bo Ag NC Veco Qe 





Bo Ay By Veco BUSO GND Qo 
* All Vcc and Vcco pins are tied together on the die. 


ECLinPS and ECLinPS Lite 


2-107 





LOGIC DIAGRAM 


3 BUSO 


Qo 


—&3 BUS! 


Qo 








MC10E336 


DC CHARACTERISTICS (Veg = VEE(min) to VEE(max); Voc = VCCO = GND) 


weit *Cut-off Output Voltage | - 2.10 ~ 2.03 | -2.10 — 2.03 | — 2.10 ~ 2.03 sf 


Input HIGH Current 
RXEN 225 225 
All Other Inputs a 150 150 
Power Supply Current 
125 150 125 150 125 150 
125 150 


10E 
AC CHARACTERISTICS (VEE = VEE(min) to VeE(max); Voc = Voco = GND) 



















*measured with VT7 =— 2.10V 


Propagation Delay to Output 

Clk toQ 500 700 700 700 

Clk to BUS 825 1250 1800 | 825 1250 1800 1250 1800 
Setup Time 

BUS, RXEN 150 -150 

BUSEN 100 -200 

A, B Data 300 -50 

450 150 

Hold Time 

BUS, RXEN 

BUSEN 

A, B Data 


20- aay, (Qn) 300 450 700 } 300 450 700 | 300 450 
20 - 80% (BUSn Rise) 500 800 1000} 500 800 1000] 500 800 
20 - 80% (BUSn Fall) 300 500 800 | 300 500 800 | 300 500 
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MOTOROLA 


SEMICONDUCTOR Be ee Se Po ee 
TECHNICAL DATA 


3-Bit Scannable Registered MC10E337 
Bus Transceiver MC100E337 


The MC10E/100E337 is a 3-bit registered bus transceiver with scan. 
The bus outputs (BUSO—BUS2) are specified for driving a 25Q bus; the 
receive outputs (QO — Q2) are specified for 50Q. The bus outputs feature 
a normal HIGH level (VQH) and a cutoff LOW level — when LOW, the 
outputs go to — 2.0V and the output emitter-follower is “off”, presenting a 3-BIT SCANNABLE 
high impedance to the bus. The bus outputs also feature edge slow-down 
eee. REGISTERED 


BUS TRANSCEIVER 


Scannable Version of E336 
25Q Cutoff Bus Outputs 
e 50Q Receiver Outputs 
Scannable Registers 
Sync. and Async. Bus Enables 

Non-inverting Data Path @ 
e 1500ps Max. Clock to Bus (Data Transmit) ihe 


1000ps Max. Clock to Q (Data Receive) 
Bus Outputs Feature Internal Edge Slow-Down Capacitors FN SUFFIX 

re : PLASTIC PACKAGE 
Additional Package Ground Pins CASE 776-02 
Extended 100E VEE Range of — 4.2V to —- 5.46V 
75kQ Input Pulldown Resistors 





Both drive and receive sides feature the same logic, including a loopback path to hold data. The HOLD/LOAD function is 
controlled by Transmit Enable (TEN) and Receive Enable (REN) on the transmit and receive sides respectively, with a HIGH 
selecting LOAD. Note that the implementation of the E337 Receive Enable differs from that of the E336. 

Asynchronous bus enable (SBUSEN) is provided for normal, non-scan operation. The asynchronous bus disable (ABUSDIS) 
disables the bus immediately for scan mode. 

The SYNCEN input is provided for flexibility when re-enabling the bus after disabling with ABUSDIS, allowing either 
synchronous or asynchronous re-enabling. An alternative use is asynchronous-only operation with ABUSDIS, in which case 
SYNCEN is tied LOW, or left open. SYNCEN is implemented as an overriding SET control (active-LOW) to the enable flip-flop. 

Scan mode is selected by a HIGH at the SCAN input. Scan input data is shifted in through S_IN and output data appears at the 
Q2 output. 

All registers are clocked on the positive transition of CLK. Additional lead-frame grounding is provided through the Ground pins 
(GND) which should be connected to OV. The GND pins are not electrically connected to the chip. 


PIN NAMES 


Ag — A2 Data Inputs A 

Bo - Bo Data Inputs B 

S-IN Serial (Scan) Data Input 
TEN, REN HOLD/LOAD Controls 
SCAN Scan Control 

ABUSDIS Asynchronous Bus Disable 
SBUSEN Synchronous Bus Enable 


SYNCEN Synchronous Enable Control 
CLK Clock 


BUSO — BUS2 25Q Cutoff Bus Outputs 


Qo - Qe Receive Data Outputs (Q2 serves as SCAN_OUT 
in scan mode) 
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MC10E337 


Pinout: 28-Lead PLCC (Top View) 
SBUSEN SYNCEN Bg Ag ABUSDISVcco Qo 


GND 
BUSO 
Vcc 
Qy 
Veco 
BUSI 


GND 





B; Ag Bo Veco BUS2 GND Qo 


* All Vcc and Vcco pins are tied together on the die. 








LOGIC DIAGRAM 
BUS2 
Qo/ 
A 
BS SCAN_OUT 
BUS1 
Aj Qy 
By 
BUSO 
A Qo 
Bp = 
SIND 
TEN > 
REN © 
SCAN D 
ABUSDIS © 
SBUSEN © 
SYNCEN © 
CLK © 


ECLinPS and ECLinPS Lite 
2-110 


MC10E337 


DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); VCC = VCCO = GND) 


o°c 


Vout “Cut-off Output Voltage | - 2.10 ~2.03 | - 2.10 2.03 | - 2.10 -203/ v [| | 


NH Input HIGH Current nA 
All Other Inputs 150 150 150 

Power Supply Current mA 
10E 145 174 145 174 
100E 145 174 167 200 


*measured with V—T = —2.10V 





AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); VCC = VCCO = GND) 


Propagation Delay to Output 
Clk to Q 
Clk to BUS 
ABUSDIS 
SYNCEN 


Setup Time 
BUS 
SBUSEN 
Data, S-IN 
TEN, REN, SCAN 


Hold Time 
BUS 
SBUSEN 
Data, S-IN 
TEN, REN, SCAN 


tr Rise/Fall Times 

tf 20 - 80% (Qn) 
20 - 80% (BUSn Rise) 
20 - 80% (BUSn Fall) 
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MOTOROLA 


SEMICONDUCTOR ee ne a Re a 
TECHNICAL DATA 


Quad Differential AND/NAND MC10E404 
The MC10E404/100E404 is a 4-bit differential AND/NAND device. The M Cc 1 oOo E404 


differential operation of the device makes it ideal for pulse shaping 
applications where duty cycle skew is critical. Special design techniques 
were incorporated to minimize the skew between the upper and lower 
level gate inputs. 


Because a negative 2-input NAND function is equivalent to a 2-input 
OR function, the differential inputs and outputs of the device also allow for QUAD DIFFERENTIAL 
its use as a fully differential 2 input OR/NOR function. 

The output RISE/FALL times of this device are significantly faster than AND/NAND 
most other standard ECLinPS devices resulting in an increased 
bandwidth. 


The differential inputs have clamp structures which will force the Q 
output of a gate in an open input condition to go to a LOW state. Thus, 
inputs of unused gates can be left open and will not affect the operation of 
the rest of the device. Note that the input clamp will take affect only if both 
inputs fall 2.5V below Vcc. 


e Differential D and Q @ 








e 700ps Max. Propagation Delay i 

e High Frequency Outputs 

e Extended 100E Veg Range of — 4.2V to — 5.46V on Ps een ae 
e Internal 75kQ Input Pulldown Resistors CASE 776-02 


Pinout: 28-Lead PLCC (Top View) 
Dga Dga D3b D3b Vcco G3 Q3 





LOGIC DIAGRAM 


Doa 





Q 

Doa : 
Dob _ 

its Q 

Dob y 

Dya 

aa Q 

Dia \ 

Dyb ~ 

aa Q 

Dib ! 

Dya Dya Dob Dob Doa Dga Veco 
“All Voc and Vcco pins are tied together on the die = Qo 
2 
D ~_ 
PIN NAMES = Q 


Dab 


D[0:4], Dlo.4] Differential Data Inputs 
Q[0:4], Q[0-4] Differential Data Outputs 
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MC10E404 


DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); VCC = VCCO = GND) 


oo Characteristic 


Input HIGH Current 


Power Supply Current 
10E 106 127 
100E 106 127 





1. Differential input voltage required to obtain a full ECL swing on the outputs. 
2. VCMR Is referenced to the most positive side of the differential input signal. Normal operation is obtained when the input signals are within the 
VcCMR fange and the input swing Is greater than Vpp yin and < 1.0V. 


AC CHARACTERISTICS (VEE= VEE(min) to “see Vcc = Vcco = GND) 





Propagation Delay to Output 
Da (Diff) 

Da (SE) 

Db (Diff) 

Db (SE) 


sey [Windeaser [| «| =» [mw [7 
| VeptAc) | Minrwminputswng | 180 tts ts 


tr Rise/Fall Time 
tf 20 - 80% 150 400 | 150 400 | 150 400 ps 


1 Within-device skew ts defined as identical transitions on similar paths through a device. 
2. Minimum input swing for which AC parameters are guaranteed. 
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MOTOROLA 


SEMICONDUCTOR ff ae ee aS Pee Se ae a ea 
TECHNICAL DATA 


Quint Differential Line MC10E416 
Receiver MC100E416 


The MC10E416/100E416 is a 5-bit differential line receiving device. 
The 2.0GHz of bandwidth provided by the high frequency outputs makes 
the device ideal for buffering of very high speed oscillators. 

A VBB pin is available to AC couple an input signal to the device. More 
information on AC coupling can be found in the design handbook section 
of ihig'data Bosk QUINT DIFFERENTIAL 

The design incorporates two stages of gain, internal to the device, LINE RECEIVER 
making it an excellent choice for use in high bandwidth amplifier 
applications. 

The differential inputs have internal clamp structures which will force 
the Q output of a gate in an open input condition to go to a LOW state. 
Thus, inputs of unused gates can be left open and will not affect the 
operation of the rest of the device. Note that the input clamp will take 
affect only if both inputs fall 2.5V below Vcc. 


¢ Differential D and Q; Vpp available mm 
e 600ps Max. Propagation Delay in 

e High Frequency Outputs 
e Extended 100E Veg Range of — 4.2V to — 5.46V CASE 776-02 

e Internal 75kQ Input Pulldown Resistors 





Pinout: 28-Lead PLCC (Top View) 
D3 Da D4 Veco 94 % Veco 
oe 





LOGIC DIAGRAM 





Do Qo 
Do Qo 
Dy Qy 
Dy Q 
Do Qo 
D2 Qe 
* All Vcc and Vcco pins are tied together on the die. Dg Q3 
PIN NAMES D3 Q3 
D4 Q4 
D[0:4], D[0:4] Differential Data Inputs 
Q[0:4], Q[0.4] Differential Data Outputs Dy a 
Vaan <-—--—_——_Y 
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MC10E416 


DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = VCCO = GND) 


= Characteristic 


Output Reference Voltage 
10E 
100E 


Pi | Input HIGH Current 
aa Power Supply Current 


10E 
100E 


Vpp(DC) | Input Sensitivity 
VCMR Common Mode Range 


1. Differential input voltage required to obtain a full ECL swing on the outputs. 


2. Vcomp is referenced to the most positive side of the differential input signal. Normal operation is obtained when the input 
signal are within the VomrR range and the input swing ts greater than Vpp IN and < 1.0V 





AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VCCO = GND) 














Propagation Delay to Output 
d(Diff) 
D(SE) 


tSKEW Within-Device Skew 


SKEW Duty Cycle Skew 
tPLHtPHL 


Rise/Fall Time 
20 - 80% 100 350 


1. Within-device skew is defined as identical transitions on similar paths through a device. 


2. Duty cycle skew defined only for differential operation when the delays are measured from the cross point of the 
inputs to the cross point of the outputs. 


3. Minimum input swing for which AC parameters are guaranteed. 


tPLH 
tPHL 















ECLinPS and ECLinPS Lite 
2-115 


MOTOROLA 


SEMICONDV TOR o ys 


TECHNICAL DATA 
3-Bit Differential Flip-Flop 


The MC10E/100E431 is a 3-bit flip-flop with differential clock, data 
input and data output. 


The asynchronous Set and Reset controls are edge-triggered rather 
than level controlled. This allows the user to rapidly set or reset the 
flip-flop and then continue clocking at the next clock edge, without the 
necessity of de-asserting the set/reset signal (as would be the case with a 
level controlled set/reset). 


The E431 is also designed with larger internal swings, an approach 
intended to minimize the time spent crossing the threshold region and 
thus reduce the metastability susceptibility window. 

The differential input structures are clamped so that the inputs of 
unused registers can be left open without upsetting the bias network of 
the device. The clamping action will assert the D and the CLK sides of the 
inputs. Because of the edge triggered flip-flop nature of the device 
simultaneously opening both the clock and data inputs will result in an 
output which reaches an unidentified but valid state. Note that the input 
clamps only operate when both inputs fall to 2.5V below Vcc. 


e Edge-Triggered Asynchronous Set and Reset 

e Differential D, CLK and Q; Vag Reference Available 
@ 1100MHz Min. Toggle Frequency 

e Extended 100E Veg Range of — 4.2V to — 5.46V 


Pinout: 28-Lead PLCC (Top View) 
Vpp CLK2 CLK2 Do Dp Ro Spo 





CLKO CLKO Dg Dp Ro Sg Veco 
* All Vcc and Vcco pins are tied together on the dre. 


PIN NAMES 




















D[0:2], D[0:2] 
CLK[0:2], CLK[0.2] 
S[0:2] 

R[0:2] 

VBB 
Q[0:2], Q(0:2] 


Differential Data Inputs 
Differential Clock 

Edge Triggered Set Inputs 
Edge Triggered Reset Input 
Ves Reference Output 
Differential Data Outputs 
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MC10E431 
MC100E431 


3-BIT DIFFERENTIAL 
FLIP-FLOP 


& 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 776-02 


LOGIC DIAGRAM 





CLK1 
CLKi 
Ri 
S2 
Do 
De 
CLK2 
CLKa 
Re 








MC10E431 


FUNCTION TABLE 





Z = Low to high transition 


DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VCCo = GND) 
a 
Output Reference 
Voltage 10E 
100E 
Input HIGH 
Current 


Power Supply 
Current 10E 110 132 110 132 110 132 110 
100E 110 132 110 8132 110 132 127 = 152 
VcmMR_ | Common Mode -1.5 0 1.5 0 -1.5 
Range 


1. VomR |S referenced to the most positive side of the differential input signal. Normal specified operation is obtained when the input signals are 
within the VomR range and the input swing is greater than Vpp 


VBB 
NH 
{EE 


























= 
a 
oO 


Symbol Characteristic 
tPLH Propagation Delay to Output CLK (Diff) |} 410 600 790 450 600 750 
(PHL 
500 725 975 550 725 925 
t 
1000 700 
t 
t 
| Vpp | Minimum Input Swing 
t 
proper operation of the flip-flop. 


AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VCCO = GND) 
| Tye | Max | min | typ | Max_| 
fmax | Maximum Toggle Frequency 1000 | 1400 | ~—| 1100 | 1400 | =f MHz | 
CLK (SE) | 460 600 840 400 600 800 
500 725 975 550 725 925 
Ss 
S Setup Time Dj 250 0 200 0 
Ry] 1100 700 1000 700 
S| 1100 700 
Minimum Pulse Width ciuk| 400 | | | 
Within-Device Skew =e =i 
Vep era ctal 
Rise/Fall Times 250 275 
1. These setup times define the minimum time the CLK or SET/RESET input must wait after the assertion of the RESET/SET input to assure the 
2. Within-device skew ts defined as identical transitions on similar paths through a device. 
3. Minimum input swing for which AC parameters are guaranteed. 
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MOTOROLA 


SEMICONDUCTOR 
TECHNICAL DATA 


4-Bit Serial/Parallel Converter MC10E445 
The MC10/100E445 is an integrated 4-bit serial to parallel data 

converter. The device is designed to operate for NRZ data rates of up to MC 1 00E445 

2.0Gb/s. The chip generates a divide by 4 and a divide by 8 clock for both 

4-bit conversion and a two chip 8-bit conversion function. The conversion 


sequence was chosen to convert the first serial bit to QO, the second to 
Q1 etc. 





e On-Chip Clock +4 and +8 

e 2.0Gb/s Data Rate Capability 

Differential Clock and Serial Inputs 

¢ VBB Output for Single-Ended Input Applications 
e Asynchronous Data Synchronization 

e Mode Select to Expand to 8-Bits 

e Internal 75kQ Input Pulldown Resistors 

e Extended 100E Veg Range of —-4.2V to -5.46V 


Two selectable serial inputs provide a loopback capability for testing S 
purposes when the device is used in conjunction with the E446 parallel to Tihs 
serial converter. = 

The start bit for conversion can be moved using the SYNC input. A 
single pulse applied asynchronously for at least two input clock cycles PL Pies pirates AGE 
shifts the start bit for conversion from Qn to Qn—1. For each additional CASE 776-02 
shift required an additional pulse must be applied to the SYNC input. 
Asserting the SYNC input will force the internal clock dividers to “swallow” 
a clock pulse, effectively shifting a bit from the Qn to the Qn—1 output (see 
Timing Diagram B). 

The MODE input is used to select the conversion mode of the device. With the MODE input LOW, or open, the device will 
function as a 4-bit converter. When the mode input is driven HIGH the data on the output will change on every eighth clock cycle 
thus allowing for an 8-bit conversion scheme using two E445’s. When cascaded in an 8-bit conversion scheme the devices will 


not operate at the 2.0Gb/s data rate of a single device. Refer to the applications section of this data sheet for more information on 
cascading the E445. 


For lower data rate applications a Vpp reference voltage is supplied for single-ended inputs. When operating at clock rates 
above 500MHz differential input signals are recommended. For single-ended inputs the Vpp pin is tied to the inverting differential 
input and bypassed via a 0.01,.F capacitor. The Vpp provides the switching reference for the input differential amplifier. The VBB 
can also be used to AC couple an input signal, for more information on AC coupling refer to the interfacing section of the design 
guide tn the ECLinPS™ data book. 


Upon power-up the internal! flip-flops will attain a random state. To synchronize multiple E445’s in a system the master reset 
must be asserted. 


PIN NAMES 


4-BIT SERIAL/ 
PARALLEL CONVERTER 





Pinout: 28-Lead PLCC (Top View) 


_— 
lu 
(7p) 
uu 
c 
= 


SINA SINA é MODE NC Vcco 


SINA, SINA Differential Serial Data Input A 
SINB, SINB Differential Serial Data Input B 
SEL Serial Input Selector Pin 
Q0-Q3 Parallel Data Outputs 


CLK, CLK Differential Clock Inputs 

CL/4, CL/4 Differential —4 Clock Output 
cvs, CU8 Differential +8 Clock Output 
MODE Conversion Mode 4-Bit/8-Bit 
SYNCH Conversion Synchronizing Input 









FUNCTION TABLES 
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MC10E445 
LOGIC DIAGRAM 


SINB 
SINB—o 
SINA B Q3 


SINA—O 


SY 


Q2 


Qi 


QO 


es SOUT 
O SOUT 





MODE 


RESET 


SYNC 
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MC10E445 


DC CHARACTERISTICS (VEE = VEE(min) to VeE(max); Vcc = Veco = GND) 


Symbol Characteristic 


Cs 


Ouput HIGH Current 
10E (SOUT Only) 
100E (SOUT Only) 


Output Reference Voltage 
10E 
100E 

Power Supply Current 
10E 


100E 





1.The maximum Voy limit was relaxed from standard ECL due to the high frequency output design. All other outputs are specified with the 
standard 10E and 100E Voy levels. 


AC CHARACTERISTICS (VEE = VEE (min) to eS Voc = Vcco = GND) 


Bi ae Delay to Output 
CLK to Q 
CLK to SOUT 
CLK to CL/4 
CLK to CL/8 


Setup Time 
ne SINB a -250 
—200 
Hold Time 
SINA, SINB, SEL 


a IE 


500 
Minimum Pulse Width 
CLK, MR 


-200 -200 
efoto fn [>t 
[eo [ao [Yo [200 | [ 


Rise/Fall Times 20%-80% 
SOUT 100 225 350 100 225 350 100 225 350 
200 425 650 200 425 650 200 425 650 
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MC10E445 


TIMING DIAGRAMS 


OE NNT MP NF OT NS NI OT AT ONS POF 
SIN XX >X Drs X Des X Dae Xt Xn _X Dost X Due? XO XXX FX >) 
RESET \ = —_—<—__~_—_— ce — 
Qo 
ar 
a2 


Q3 np i SS) 
souT_X XXX XXX D4 X_Dn-3 X_Dn-2 X_Dn-t X_Dn_X Dn+t X On+2 X On+3 X____) 


Timing Diagram A. 1:4 Serial to Parallel Conversion 





OK FS ML NS NF NL I NL ML NL OI NT NS NP NF NTT 
SIN. XX X_Dn-4 X_Dn-3 X_On-2X_Dn-t X Dn X Dn+iX Dn+2X Dne3X One4X XXX) 
RESET \ 
SYNC CC -_-— — m 
Qo 
el 
Q2 
a3 
souT_X XXX XXX D4 X_Dn-3 X_Dn-2 X_Dn-t X_Da_X_Dn+t X_Dn+2 X_Dn+3 X_Dn+4 ) 


Timing Diagram B. 1:4 Serial to Paralle! Conversion With SYNC Pulse 
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MC10E445 


APPLICATIONS INFORMATION 


The MC10E/100E445 is an integrated 1:4 serial to parallel 
converter. The chip is designed to work with the E446 device 
to provide both transmission and receiving of a high speed 
serial data path. The E445, can convert up to a 2.0Gb/s NRZ 
data stream into 4-bit parallel data. The device also provides 
a divide by four clock output to be used to synchronize the 
parallel data with the rest of the system. 


The £445 features multiplexed dual serial inputs to 
provide test loop capability when used in conjunction with the 
E446. Figure 1 illustrates the loop test architecture. The 
architecture allows for the electrical testing of the link without 
requiring actual transmission over the serial data path 
medium. The SINA serial input of the E445 has an extra 
buffer delay and thus should be used as the loop back serial 
input. 


SOUT TO SERIAL 
PARALLEL SOUT MEDIUM 
DATA 
PARALLEL 
DATA FROM 
SERIAL 
MEDIUM 





Figure 1. Loopback Test Architecture 


The E445 features a differential serial output and a divide 
by 8 clock output to facilitate the cascading of two devices to 
build a 1:8 demultiplexer. Figure 2 illustrates the architecture 
for a 1:8 demultiplexer using two E445’s; the timing diagram 
for this configuration can be found on the following page. 
Notice the serial outputs (SOUT) of the lower order converter 
feed the serial inputs of the the higher order device. This feed 
through of the serial inputs bounds the upper end of the 
frequency of operation. The clock to serial output 
propagation delay plus the setup time of the serial input pins 
must fit into a single clock period for the cascade architecture 
to function properly. Using the worst case values for these 
two parameters from the data sheet, TPD CLK to SOUT = 
1150ps and tS for SIN = —100ps, yields a minimum period of 
1050ps or a clock frequency of 950MHz. 


The clock frequency is significantly lower than that of a 
single converter, to increase this frequency some games can 
be played with the clock input of the higher order E445. By 
delaying the clock feeding the second E445 relative to the 
clock of the first E445 the frequency of operation can be 


increased. The delay between the two clocks can be 
increased until the minimum delay of clock to serial out would 
potentially cause a serial bit to be swallowed (Figure 3). 






SERIAL 
INPUT 
DATA 


Q7 Q6 Q5 Q4 


Q3 Q2 Q1 Q0 
PARALLEL OUTPUT DATA 


> Ke 100ps 
CLOCK | | | 


Tpd CLK Sa 
to SOUT 


800ps ——__»| 
1150ps 


Figure 2. Cascaded 1:8 Converter Architecture 


With a minimum delay of 800ps on this output the clock for 
the lower order E445 cannot be delayed more than 800ps 
relative to the clock of the first E445 without potentially 
missing a bit of information. Because the setup time on the 
serial input pin is negative coincident excursions on the data 
and clock inputs of the E445 will result in correct operation. 


CLOCKA 


CLOCK B 


Tpd CLK fo 2 
to SOUT 
foe =. 
1150ps 


Figure 3. Cascade Frequency Limitation 
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MC10E445 






Perhaps the easiest way to delay the second clock relative frequency up to 1.4GHz. The divide by eight clock of the 
to the first is to take advantage of the differential clock inputs second E445 should be used to synchronize the parallel data 
of the E445. By connecting the clock for the second E445 to to the rest of the system as the parallel data of the two E445’s 
the complimentary clock input pin the device will clock a half will no longer be synchronized. This skew problem between 
a clock period after the first E445 (Figure 4). Utilizing this the outputs can be worked around as the parallel information 
simple technique will raise the potential conversion will be static for eight more clock pulses. 

CLOCK 

CLOCK 

700ps 
K— 14Gl) ——| =| = 100s 

CLOCK A | | 
SERIAL 
INPUT clockB | = = f[ Lf 
DATA 

PO oe oe ee 

to SOUT 

800ps | 
Q7 Q6 Q5 04 Q3 Q2 Q1 QO 1150ps 
PARALLEL OUTPUT DATA 
Figure 4. Extended Frequency 1:8 Demultiplexer 

CLK 





SINa KX __X_Dn-4 X_Dn-3_ X_Dn-2 X_Dn-1 X_On X _Dn+t X Dn+2 X On+3X XX XX) 





Qo Dn-4 
Qi Dn-3 
Q2 Dn-2 
Q3 Dn-1 


2 (6 | aa, CE A I BT nee, Gee | NEE 
OS a ge 
Q6(Q2a) XE F 
OO ee ee 
SOUTa 
SOUTb XX XXX OK OX XOX XX 4 X_Dn-3 X_Dn-2 X_Dn-1 X_Dn_X_Dnst 
Ce on a fe Ne 
ee Nee eee eS 
Pe ae = = ey 
Ds a Ne ee 


Timing Diagram A. 1:8 Serial to Parallel Conversion 





ECLinPS and ECLinPS Lite 
2-123 


MOTOROLA 


SEMICONDUCTOR Rees ee RE ee 
TECHNICAL DATA 


4-Bit Parallel/Serial Converter MC10E446 
The MC10E/100E446 is an integrated 4-bit parallel to serial data MC1 OOE446 


converter. The device is designed to operate for NRZ data rates of up to 
1.3Gb/s. The chip generates a divide by 4 and a divide by 8 clock for both 
4-bit conversion and a two chip 8-bit conversion function. The conversion 
sequence was chosen to convert the parallel data into a serial stream 
from bit DO to D3. A serial input is provided to cascade two E446 devices 
for 8 bit conversion applications. Note that the serial output data clocks off 


of the negative input clock transition. 4-BIT PARALLEL/ 
SERIAL CONVERTER 





e On Chip Clock +4 and +8 

e 1.5 Gb/s Typical Data Rate Capability 

e Differential Clock and Serial Inputs 

e VppB Output for Single-ended Input Applications 
e Asynchronous Data Synchronization 

¢ Mode Select to Expand to 8 Bits 

e Internal 75kQ Input Pulldown Resistors 

e Extended 100E Veg Range of -4.2V to -5.46V - 


= 
The SYNC input will asynchronously reset the internal clock circuitry. FN SUFFIX 
This pin allows the user to reset the internal clock conversion unit and PLASTIC PACKAGE 


thus select the start of the conversion process. CASE 776-02 


The MODE input is used to select the conversion mode of the device. 
With the MODE input LOW, or open, the device will function as a 4-bit 
converter. When the mode input is driven HIGH the internal load clock will 
change on every eighth clock cycle thus allowing for an 8-bit conversion scheme using two E446’s. When cascaded in an 8-bit 
conversion scheme the devices will not operate at the 1.3Gb/s data rate of a single device. Refer to the applications section of 
this data sheet for more information on cascading the E446. 


For lower data rate applications a Vpp reference voltage is supplied for single-ended inputs. When operating at clock rates 
above 500MHz differential input signals are recommended. For single-ended inputs the Vp pin is tied to the inverting differential 
input and bypassed via a 0.01u.F capacitor. The Vep provides the switching reference for the input differential amplifier. The VBB 
can also be used to AC couple an input signal, for more information on AC coupling refer to the interfacing section of the design 
guide in the ECLinPS™ data book. 





Pinout: 28-Lead PLCC (Top View) 


PIN NAMES DO Di 02 D3 MODE NC ANC 


SIN Differential Serial Data Input 
DO - D3 Parallel Data Inputs 
SOUT, SOUT | Differential Serial Data Output 


CLK, CLK Differential Clock Inputs 

CL/4, CL/4 Differential +4 Clock Output 

CLs, CL/8 Differential +8 Clock Output 

MODE Conversion Mode 4-Bit/8-Bit 
Conversion Synchronizing Input 





FUNCTION TABLES 
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Mode 


CLK 


SYNC 


PTE 


Sins 
+f 


LOGIC DIAGRAM 





SS om 













LOAD PULSE 
GENERATOR 


x4 +8 
> > 
re | fe 
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2 


SOUT 
SOUT 


CLs 


MC10E446 








MC10E446 


DC CHARACTERISTICS (VEE = VEE(min) to VEE(max): VCC = VCCo = GND) 


__ Characteristic | Min Typ | Max | 
Input HIGH Current 


Output HIGH Voltage 
10E (SOUT Only) | -1020 -790 | -980 
100E (SOUT Only) | -1025 —830 | -1025 





Output Reference Voltage 10E | -1.38 ~1.27 | -1.35 
100E | -1.38 -1.26 1.38 
Power Supply Current 10E 126 151 
100E 126 151 


1. The maximum Voy limit was relaxed from standard ECL due to the high frequency output design. All other outputs are specified with the standard 
10E and 100E Von levels. 


AC CHARACTERISTICS (VEE = VEE(min) to an Voc = Veco = GND) 


FMAX Max Conversion Frequency 


tPLH Propagation Delay to Output 

tPHL CLK to SOUT1 
CLK to CL/4 
CLK to CL/8 


SYNC to CL/4, CL/8 


Pa [eee econ ewe [aoa [seen 
fodTine® __sn.on| oto [oso | | ooo [oso | | om [oso[ [me] _| 
Pea | een oie| we [oe [Tow [oe [Pow [oe [Poe | 
Few | win Puce wan coK-we| 000 |_| rao ff _| 
Rise/Fall Times SOUT } 100 225 = =m oa — 100 225 350 20% - 80% 
oe sles eles == 


1.Propagation delays measured from negative going clock edge. 
2. Relative to negative clock edge. 





Timing Diagrams 








CLK 
RESET 
DO C5) DO-1 | = 
D1 Con, <a Di-1 EE) 
D2 C=. D2-1 Ee) 
D3 C7 D3-1 > 


SOUT (_D0-1 X_Di-1 X_D2-1 X_D3-1 X_D0-2 X_D1-2 X D2-2 X_D3-2 X__) 


Timing Diagram A. 4:1 Parallel to Serial Conversion 
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MC10E446 


Applications Information 


The MC10E/100E446 is an integrated 4:1 parallel to serial 
converter. The chip is designed to work with the E445 device 
to provide both transmission and receiving of a high speed 
serial data path. The E446 can convert 4 bits of data into a 
1.3Gb/s NRZ data stream. The device features a SYNC input 
which allows the user to reset the internal clock circuitry and 
restart the conversion sequence (see timing diagram A). 


The E446 features a differential serial input and internal 
divide by 8 circuitry to facilitate the cascading of two devices 
to build a 8:1 multiplexer. Figure 1 illustrates the architecture 
for a 8:1 multiplexer using two E446’s; the timing diagram for 
this configuration can be found on the following page. Notice 
the serial outputs (SOUT) of the lower order converter feed 
the serial inputs of the the higher order device. This feed 
through of the serial inputs bounds the upper end of the 
frequency of operation. The clock to serial output 
propagation delay plus the setup time of the serial input pins 
must fit into a single clock period for the cascade architecture 
to function properly. Using the worst case values for these 
two parameters from the data sheet, TPD CLK to SOUT = 
1480ps and tS for SIN = —200ps, yields a minimum period of 
1280ps or a clock frequency of 780MHz. 

The clock frequency is somewhat lower than that of a 
single converter, to increase this frequency some games can 
be played with the clock input of the higher order E446. By 
delaying the clock feeding E446A relative to the clock of 
E446B the frequency of operation can be increased. 





Q3 Q2 Q1 Q0 Q3 Q2 Q1 Q0 


Q7 Q6 Q5 Q4 


Parallel Data 


Q3 Q2 Q1 QO 


ac 1000ps =a 
ee 600ps 
CLOCK | 


to SOUT 





| 


1000ps 
1600ps 


Figure 1. Cascaded 8:1 Converter Architecture 








CLK 
RESET 
DO <>. 35 — 9) DO-1 D0-2 
D1 ee Ga | aes D1-2 
D2 COX) 02-2 
D3 C+»? D3-1 D3-2 
D4 (D0B) 6 pe) D4-1 D4-2 
D5 (D1B) 23) D5-1 D5-2 
D6 (D2B) =n D6-1 D6-2 
D7 (D3B) Cc) D7-1 D7-2 
SOUT ( DO-1 X_Di-1 X_D2-1 X 03-1 X_D4-1 X 05-1 X D6-1_ X D7-1 X_D0-2) 





Timing Diagram B. 8:1 Parallel to Serial Conversion 
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MOTOROLA 


SEMICONDUCTOR a 
TECHNICAL DATA 


6-Bit D Register Differential MC10E451 
Data and Clock MC100E451 


The MC10E/100E451 contains six D-type flip-flops with single-ended 
outputs and differential data inputs. The common clock input is also 
differential. The registers are triggered by a positive transition of the 
positive clock (CLK) input. 


A HIGH on the Master Reset (MR) input resets all Q outputs to LOW. 6-BIT D REGISTER 
The Vpp output is intended for use as a reference voltage for 
single-ended reception of ECL signals to that device only. When using for DIFFERENTIAL 
this purpose, it is recommended that Vgp is decoupled to Vcc via a DATA AND CLOCK 


0.01pF capacitor. 


The differential input structures are clamped so that the inputs of 
unused registers can be left open without upsetting the bias network of 
the device. The clamping action will assert the D and the CLK sides of the 
inputs. Because of the edge triggered flip-flop nature of the device 
simultaneously opening both the clock and data inputs will result in an 
output which reaches an unidentified but valid state. Note that the input 


clamps only operate when both inputs fall to 2.5V below Vcc. @&: 


e Differential Inputs: Data and Clock = 


= 
* NBR OupY FN SUFFIX 

@ 1100MHz Min. Toggle Frequency PLASTIC PACKAGE 
e Asynchronous Master Reset CASE 776-02 


e Extended 100E Vege Range of — 4.2V to — 5.46V 
75kQ Input Pulldown Resistors 





Ds O05 Dg Dg Dz Dg Veco 
LOGIC DIAGRAM 


Pinout: 28-Lead PLCC 
(Top View) 





D2 Veco Q 
* All Vcc and Vcco pins are tied together on the die. 


PIN NAMES 


+Data Input 
— Data Input 
+Clock Input 


— Clock Input 
Master Reset Input 
Veg Output 

Data Outputs 
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MC10E451 


DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VCCO = GND) 


Power Supply Current 
10E 
100E 





1.VompR'!s referenced tothe most positive side of the differential input signal. Normal operation is obtained when the “HIGH” inputis within the VomR 
range and the input swing Is greater than Vpp jyjNn and < 1.0V. 


AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = oe = GND) 


ec 
Max, Toggle Frequency 1100 1400 4100 1400 ese me 1400 Se 


Propagation Delay to Output 
CLK (Diff) 800 
(SE) 650 850 
600 850 


Within-Device Skew 


Rise/Fall Times 
20 - 80% 
1. aacun input voltage for which AC aos are ee 
2. Within-device skew Is defined as identical transitions on similar paths through a device. 
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MOTOROLA 


SEMICONDUCTOR Nig ks ag a a ee EN oe | 


TECHNICAL DATA 
5-Bit Differential Register 


The MC10E/100E452 is a 5-bit differential register with differential data 
(inputs and outputs) and clock. The registers are triggered by a positive 
transition of the positive clock (CLK) input. A high on the Master Reset 
(MR) asynchronously resets all registers so that the Q outputs go LOW. 

The differential input structures are clamped so that the inputs of 
unused registers can be left open without upsetting the bias network of 
the device. The clamping action will assert the D and the CLK sides of the 
inputs. Because of the edge triggered flip-flop nature of the device 
simultaneously opening both the clock and data inputs will result in an 
output which reaches an unidentified but valid state. Note that the input 
clamps only operate when both inputs fall to 2.5V below Vcc. 

The fully differential design of the device makes it ideal for very high 
frequency applications where a registered data path is necessary. 


© Differential D, CLK and Q; Vpp Reference Available 
e 1100MHz Min. Toggle Frequency 

e Asynchronous Master Reset 

e Extended 100E Veg Range of — 4.2V to — 5.46V 


Pinout: 28-Lead PLCC (Top View) 
D3 D3 Dy D4 Veco % % 





Di Dy Dg Do Vcco A Q% 
*All Voc and Vcco pins are tied together on the die. 


PIN NAMES 










Differential Data Inputs 
Master Reset Input 
Differential Clock Input 
VBB Reference Output 
Differential Data Outputs 













Q[0:4], Q[0 4] 
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MC10E452 
MC100E452 


5-BIT DIFFERENTIAL 
REGISTER 








& 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 776-02 


LOGIC DIAGRAM 








MC10E452 


DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VCO = GND) 


cs 
me Characteristic Min Typ Max |] Min Typ Max | Min Typ Max | Min Typ Max 


Output Reference 


Voltage 10E 
100E 


Power Supply 
Current 10E 
100E 


VCMR Common Mode -0.4 -0.4 —0.4 04 
Range 


1. VOMR is referenced to the most positive side of the differential input signal Normal specified operation 1s obtained when the input signals are 
within the VomR range and the input swing is greater than Vpp. 





AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = VCCO = GND) 


Fiuax | Waxman Toone Freaveney | 1000 | 1400 | | 1100 | woo | [mime ——*s 


tPLH Propagation Delay to Output CLK (Diff) 425 600 850 475 600 800 
tPHL CLK See 375 600 900 425 600 850 
375 625 900 425 625 850 


ES SS 
ee ed eee 
Pen [ Restores 


Minimum Pulse Width we za ie 
400 | 


Within-Device Skew mae 
| Vpp | Minimum Input Swing 
Rise/Fall Times |} 250 | 4 


1. Within-device skew ts defined as identical transitions on similar paths oe a device. 
2. Minimum input swing for which AC parameters are guaranteed. 
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MOTOROLA 


SEMICONDUCTOR eas ees ag ae tk ee el 
TECHNICAL DATA 


Triple Differential 2:1 MC10E457 
Multiplexer MC100E457 


The MC10E457/100E457 ts a 3-bit differential 2:1 multiplexer. The fully 
differential data path makes the device ideal for multiplexing low skew 
clock or other skew sensitive signals. Multiple Vgp pins are provided to 
ease AC coupling input signals. 

The higher frequency outputs provide the device with a >1.0GHz 
bandwidth to meet the needs of the most demanding system clock. TRIPLE DIFFERENTIAL 

Both, separate selects and a common select, are provided to make the 2:1 MULTIPLEXER 
device well suited for both data path and random logic applications. 


The differential inputs have internal clamp structures which will force 
the Q output of a gate in an open input condition to go to a LOW state. 
Thus, inputs of unused gates can be left open and will not affect the 
operation of the rest of the device. Note that the input clamp will take 
affect only if both inputs fall 2.5V below Vcc. 


¢ Differential D and Q; Vpp available a 





e 700ps Max. Propagation Delay = 

e High Frequency Outputs 

e Separate and Common Select sae Serie 
e Extended 100E Veg Range of -4.2V to —5.46V CASE 776-02 


e Internal 75kQ Input Pulldown Resistors 





Pinout: 28-Lead PLCC (Top View) 
SEL2 Doa Doa Vgp Dob Dob COMSEL 


PIN NAMES abe Sea ea 


Dn[0:2]; Dn[0.2] Differential Data Inputs 
SEL Individual Select Input 


COMSEL Common Select Input 
VBB VBB Reference Output 
Q[0:2], Q[0.2] Differential Data Outputs 





FUNCTION TABLE 





SELO Doa Doa Vpp Dob Dob Veco 


* All Vcc and Vcco pins are tied together on the die. 
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MC10E457 


LOGIC DIAGRAM 
Doa 
Do 
Dob 
Dob 


SELO 


Dia 
Dia 


Dyb 
Dyb 


SEL1 


Doa 
Dpa 


Dob 
Dab 


SEL2 





COMSEL 


VeB “7 


DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = VCCO = GND) 


[we [eee 
lila Characteristic Min Typ Max | Min Typ Max | Min Typ Max | Min Typ Max Cond 


Output Reference Vv 
Voltage 10E : : : : : : : : 
100E : : ; : ; : : 
iH Input HIGH 150 150 150 150 pA 
Current 
Power Supply mA 
Current 10E 92 110 92 110 92 110 92 110 
92 110 92 110 ECs 110 al) 127 
Vpp(DC) | Input Sensitivity eel hel 


100E 
VCMR Commom Mode -1.5 fe ___ 5 SP 5 
Range 


1. Differential input voltage required to obtain a full ECL swing on the outputs 
2. VCMRis defined as the range within which the V|} !evel may vary, with the device still meeting the propagation delay specification The Vj, level 
must be such that the peak to peak voltage is less than 1.0 V and greater than or equal to Vpp(min). 
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MC10E457 


AC CHARACTERISTICS (VEE = VEE (min) to Veg (max); Voc = VCCO = GND) 


CC 


tPLH Propagation Delay to Output 
tPHL D (Differential) 700 
D (Single-Ended) 750 
775 


Within-Device Skew 


Duty Cycle Skew tPLH — tPHL 
Vpp(AC) | Minimum input Swing 150 
trit Rise/Fall Time 2 


1. Within-device skew is defined as identical transitions on similar paths through a device. 

2. Duty cycle skew is defined only for differential operation when the delays are measured from the cross point of the inputs to the cross point 
of the outputs. 

3. Minimum input swing for which AC parameters are guaranteed. 
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MOTOROLA 


SEMICONDUCTOR 


TECHNICAL DATA 


Dual ECL Output Comparator 
With Latch 


The MC10E1651 is functionally and pin-for-pin compatible with the 
MC1651 in the MECL Ill family, but is fabricated using Motorola’s 


advanced MOSAIC Ill process. The MC10E1651 incorporates a fixed 
level of input hysteresis as well as output compatibility with 10KH logic 


devices. In addition, a latch is available allowing a sample and hold DUAL ECL OUTPUT 

function to be performed. The device is available in both a 16-pin DIP and 

a 20-pin surface mount package. COMPARATOR 
The latch enable (LENg and LENp) input pins operate from standard WITH LATCH 


ECL 10KH logic levels. When the latch enable is at a logic high level the 
MC10E1651 acts as a comparator, hence Q will be at a logic high level if 
V1 > V2 (V1 is more positive than V2). Q is the complement of Q. When 
the latch enable input goes to a low logic level, the outputs are latched in 
their present state providing the latch enable setup and hold time 


constraints are met. 


Typ. 3.0 dB Bandwidth > 1.0 GHz 


Typ. V to Q Propagation Delay of 775 ps 


Typ. Output Rise/Fall of 350 ps 
Common Mode Range -2.0 V to +3.0 V 
Individual Latch Enables 

Differential Outputs 

28 mV Input Hysteresis 


LOGIC DIAGRAM 


Via 


V2a 


LEN, 


Vib 


V2b 


[ENp 


Veg = -5.2V 
Vcc = +5.0 V 





& 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 775-02 








L SUFFIX 
CERAMIC PACKAGE 
CASE 620-10 
Qa 
FUNCTION TABLE 
Qa 
| vive | Function _| 
Vi>V2 H 
V1<V2 L 
X Latched 
Qb 
Qb 
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MC10E1651 


Pinout: 20-Lead PLCC (Top View) Pinout: 16-Pin Ceramic DIP (Top View) 


Qb LEN, NC Vib V2b 


GND Qb Qb LEN, Vib V2b Voc NC 





Qa LEN, NC V2a Via 


ABSOLUTE MAXIMUM RATINGS (Beyond which device life may be impaired) 


Characteristic 


Total Supply Voltage 
VeEel + IVocl 


VPP Differential Input Voltage 
V1 — Vai 



















ee 
Symbol Characteristic Min Typ Max Min Typ Max Min Typ Max Lae 
VOH 
Output Low Voltage -1950 1630 | -1950 ~1630 | -1950 —1600 
Il Input Current (V1, V2) 65 65 65 pA 
WH Input HIGH Current (LEN) 150 150 150 
50 0 
VCMR_ | Common Mode Range -2.0 3.0 | -20 3.0 | -2.0 30 
Cin Input Capacitance 
DIP 3 3 
PLCC 2 2 
Note: 
27 mV and the Vekew value indicates that the hysteresis was skewed from the reference level by 1 mV in the negative direction. Hence 
thé hysteresis window ranged from 14 mV below the reference level to 13 mV above the reference level. All hysteresis measurements 


DC CHARACTERISTICS (Veg =—5.2 V +5%; Voc = +5.0 V +5%) 
| VoH | Output HIGH Voltage -1020 -840 | -980 -810 | -920 735 { mv | 
loc Positive Supply Current 5 50 mA 
lEE Negative Supply Current -55 -55 -55 
1. Hysteresis skew (Vskew) is provided to indicate the offset of the hysteresis window. For example, at 25°C the nominal hysteresis value ts 
were determined using a reference voltage of 0 mV. 
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MC10E1651 


a etn 


AC CHARACTERISTICS (Veg =-5.2 V 45%: Vcc = +5 0 V 45%) 


o°c 25°C 
Symbol Characteristic Min Typ Max Min Typ Max 


Propagation Delay to Output 
VtoQ 600 750 900 625 775 925 700 850 1050 
LEN to Q 400 575 750 400 575 750 500 650 850 


oe Time 

ae Hold Time 
Minimum Pulse Width 
LEN 


Within Device Skew 


Delay Dispersion 
(ECL Levels) 


Delay Dispersion 
(TTL Levels) 





Notes: 


350 
100 
bit ee ee en ae 





1, The propagation delay ts measured from the crosspoint of the input signal and the threshold value to the crosspoint of the Q and Q output 
signals. For propagation delay measurements the threshold level (VTHR) is centered about an 850 mV input logic swing with a slew rate 
of 0 75 V/NS. There is an insignificant change in the propagation delay over the input common mode range 

2. tskew is the propagation delay skew between comparator A and comparator B for a particular part under identical input conditions. 

3 Refer to figure 4 and note that the input 1s at 850 mV ECL levels with the input threshold range between the 20% and 80% points. The 
delay is measured from the crosspoint of the input signal and the threshold value to the crosspoint of the Q and Q output signals 


4 The slew rate ts 0 25 V/NS for input rising edges. 
5 The slew rate is 0 75 V/NS for input rising edges. 


6. Refer to Figure 5 and note that the input ts at 2 5 V TTL levels with the input threshold range between the 20% and 80% points. The delay 
is measured from the crosspoint of the input signal and the threshold value to the crosspoint of the Q and Q output signals. 


7. The slew rate is 0 3 V/NS for input rising edges. 


APPLICATIONS INFORMATION 


The timing diagram (Figure 3) is presented to illustrate the 
MC10E1651’s compare and latch features. When the signal 
on the LEN pins at a logic high level, the device is operating 
in the “compare mode,” and the signal on the input arrives at 
the output after a nominal propagation delay (tPpHL, tPpLH). The 
input signal must be asserted for a time, ts, prior to the 
negative going transition on LEN and held for a time, th, after 
the LEN transition. After time th, the latch is operating in the 
“latch mode,” thus transitions on the input do not appear at 
the output. The device continues to operate in the “latch 
mode” until the latch is asserted once again. Moreover, the 
LEN pulse must meet the minimum pulse width (tow) 
requirement to effect the correct input-output relationship. 
Note that the LEN waveform in Figure 3 shows the LEN 
signal swinging around a reference labeled VBBjnT, this 
waveform emphasizes the requirement that LEN follow 
typical ECL 10KH logic levels because VBBinT is the 


internally generated reference level, hence is nominally at 
the ECL VBB level. 


Finally, Vop is the input voltage overdrive and represents 
the voltage level beyond the threshold level (VTHR) to which 
the input is driven. As an example, if the threshold level is set 
on one of the comparator inputs as 80 mV and the input 
signal swing on the complementary input is from zero to 100 
mV, the positive going overdrive would be 20 mV and the 
negative going overdrive would be 80 mV. The result of 
differing overdrive levels is that the devices have shorter 
propagation delays with greater overdrive because the 
threshold level is crossed sooner than the case of lower 
overdrive levels. Typically, semiconductor manufactures 
refer to the threshold voltage as the input offset voltage 
(VOS) since the threshold voltage is the sum of the externally 
supplied reference voltage and inherent device offset 
voltage. 
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MC10E1651 


VIN 
VTHR oS ae eg ae ee 


Qe: -—-—- -—- > —s 





Figure 3. Input/Output Timing Diagram 


DELAY DISPERSION 


Under a constant set of input conditions comparators have 
a specified nominal propagation delay. However, since 
propagation delay is a function of input slew rate and input 
voltage overdrive the delay dispersion parameters, TpgE and 
TpDT, are provided to allow the user to adjust for these 
variables (where TpgE and TpT apply to inputs with standard 
ECL and TTL levels, respectively). 

Figure 4 and Figure 5 define a range of input conditions 
which incorporate varying input slew rates and input voltage 
overdrive. For input parameters that adhere to these 
constraints the propagation delay can be described as: 


TNOM + TDE (or TpT) 


-09V 
-1.07V 





SLEW RATE = 
0.25 V/NS 


INPUT 
THRESHOLD 7 
RANGE SLEW RATE = 0.75 V/NS 


Figure 4. ECL Dispersion Test Input Conditions 









where TNOM is the nominal propagation delay. TNOM 
accounts for nonuniformity introduced by temperature and 
voltage variability, whereas the delay dispersion parameter 
takes into consideration input slew rate and input voltage 
overdrive variability. Thus a modified propagation delay can 
be approximated to account for the effects of input conditions 
that differ from those under which the parts where tested. For 
example, an application may specify an ECL input with a slew 
rate of 0.25 V/NS, an overdrive of 17 mV and a temperature 
of 25°C, the delay dispersion parameter would be 100 ps. 
The modified propagation delay would be 


775ps + 100ps 


2.5V 
2.0V 












SLEW RATE = 
0.30 V/NS 


ade 
THRESHOLD . 
RANGE SLEW RATE = 0.75 VINS 


Figure 5. TTL Dispersion Test Input Conditions 
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MOTOROLA 


SEMICONDUCTOR a ee 
TECHNICAL DATA 


Dual ECL Output Comparator 
With Latch 


The MC10E1652 is functionally and pin-for-pin compatible with the 
MC10E1651 and thus the MC1651 in the MECL III™ family, but is 
fabricated using Motorola’s advanced MOSAIC II!™ process and is output 
compatible with 10H logic devices. In addition, the device is available in 





both a 16-pin DIP and a 20-pin surface mount package. However, the DUAL ECL OUTPUT 

MC10E1652 provides user programmable hysteresis. COMPARATOR 
The latch enable (LENg and LENp) input pins operate from standard 

ECL 10H™ logic levels. When the latch enable is at a logic high level the WITH LATCH 


MC10E1652 acts as a comparator, hence Q will be at a logic high level if 
V1 > V2 (V1 is more positive than V2). Q is the complement of Q. When 
the latch enable input goes to a low logic level, the outputs are latched in 
their present state, providing the latch enable setup and hold time 
constraints are met. The level of input hysteresis is controlled by applying 
a bias voltage to the HYS pin. 





& 


e Typical 3.0 dB Bandwidth > 1.0 GHz 





e Typical V to Q Propagation Delay of 775 ps ere PAC AGE 
e Typical Output Rise/Fall of 350 ps CASE 775-02 


e Common Mode Range -2.0 V to +3.0 V 
e Individual Latch Enables 

e Differential Outputs 

e Programmable Input Hysteresis 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620-10 


LOGIC DIAGRAM 





FUNCTION TABLE 


| ten | vive | Function _| 
H 
L 





LE 
H V1>V2 
H Vv1<V2 
L X Latched 





VEE =-52V 
Voc = +5.0V 
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MC10E1652 


Pinout: 20-Lead PLCC (Top View) Pinout: 16-Pin Ceramic DIP (Top View) 
Qb LEN» NC Vib V2b 
[=] 


Characteristic 


Total Supply Voltage 
VEE! + Voc! 


Differential Input Voltage 
Iv1 — Val 


Symbol 


| VoH | Output HIGH Voltage 
rea Output Low Voltage —1600 


Input Current (V1, V2) 
i Input HIGH Current (LEN) is; a 
Icc Positive Supply Current 
lEE Negative Supply Current ae 


Cc a oe “= 
Hysteresis Skew 


Input Capacitance 
DIP 
PLCC 


1 The HYS pin programming charactenzation information Is shown In Figure 2, The hysteresis values indicated tn the data sheet are for the 
condition in which the voltage on the HYS pin is set to Veg 

2. Hysteresis skew (Vskew) IS provided to indicate the offset of the hysteresis window For example, at 25°C the nominal hysteresis value Is 
27 mV and the Vekew value indicates that the hysteresis was skewed from the reference level by 1 mV in the negative direction Hence 
the hysteresis window ranged from 14 mV below the reference level to 13 mV above the reference level. All hysteresis measurements 
were determined using a reference voltage of 0 mV The hysteresis skew values apply over the programming range shown in Figure 2. 
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Q, OUTPUT VOLTAGE (V) 
































me 
-20 -16 -12 -8 -4 VWef 4 8 12 16 20 


Vin, DIFFERENTIAL INPUT VOLTAGE (mV) 


Figure 1. Typical Hysteresis Curve 


AC CHARACTERISTICS (VEE 


600 
400 


750 
575 


900 
750 


LEN to Q 


tPLH Propagation Delay to Output 
tPHL VtoQ 
at aka 
Enable Hold Time 


Minimum Pulse Width 
LEN 


Within Device Skew 


Delay Dispersion 
(ECL Levels) 


Delay Dispersion 
(TTL Levels) 


Notes: 


625 
400 


MC10E1652 











HYSTERESIS, (mV) 
































-02 -01 00 O01 #02 03 O04 O05 


PROGRAMMING VOLTAGE (VOLTAGE ABOVE VEE) 


Figure 2. Hysteresis Programming Voltage 


= —5.2 V +5%: Voc = +5.0 V +5%) 


Condition 


700 850 1050 
500 650 850 


-100 -250 


775 
575 


925 
750 


2D 1ew |, 
an af 





1. The propagation delay ts measured from the crosspoint of the input signal and the threshold value to the crosspoint of the Q and Q output 
signals For propagation delay measurements the threshold level (VT}4,) Is centered about an 850 mV input logic swing with a slew rate 
of 075 V/NS There ts an insignificant change in the propagation delay over the input common mode range 


tskew Is the propagation delay skew between comparator A and comparator B for a particular part under identical input conditions 
. Refer to Figure 4 and note that the input 1s at 850 mV ECL levels with the input threshold range between the 20% and 80% points The 


delay is measured from the crosspoint of the input signal and the threshold value to the crosspoint of the Q and Q output signals. 


. The slew rate is 0.25 V/NS for input rising edges 
. The slew rate is 0 75 V/NS for input rising edges 


. Refer to Figure 5 and note that the input is at 2 5 V TTL levels with the input threshold range between the 20% and 80% points The delay 


ts measured from the crosspoint of the input signal and the threshold value to the crosspoint of the Q and Q output signals 


The slew rate Is 0 3 V/NS for input rising edges. 


APPLICATIONS INFORMATION 


The timing diagram (Figure 3) is presented to illustrate the 
MC10E1652’s compare and latch features. When the signal 
on the LEN pin is at a logic high level, the device is operating 
in the “compare mode,” and the signal on the input arrives at 
the output after a nominal propagation delay (tpHL, tPpLH). The 
input signal must be asserted for a time, ts, prior to the 
negative going transition on LEN and held for a time, th, after 


the LEN transition. After time tp, the latch is operating in the 
“latch mode,” thus transitions on the input do not appear at 
the output. The device continues to operate in the “latch 
mode” until the latch is asserted once again. Moreover, the 
LEN pulse must meet the minimum pulse width (tpw) 
requirement to effect the correct input-output relationship. 
Note that the LEN waveform in Figure 3 shows the LEN 
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MC10E1652 


signal swinging around a reference labeled VBBjnT; this 
waveform emphasizes the requirement that LEN follow 
typical ECL 10KH logic levels because VBBjnT is the 
internally generated reference level, hence is nominally at 
the ECL VBB level. 

Finally, Vop is the input voltage overdrive and represents 
the voltage level beyond the threshold level (VTHR) to which 
the input is driven. As an example, if the threshold level is set 
on one of the comparator inputs as 80 mV and the input 
signal swing on the complementary input is from zero to 100 


VIN 
VTHR mea — 


Qe-r- -_—_—- er —_—_ oO 


mV, the positive going overdrive would be 20 mV and the 
negative going overdrive would be 80 mV. The result of 
differing overdrive levels is that the devices have shorter 
propagation delays with greater overdrive because the 
threshold level is crossed sooner than the case of lower 
overdrive levels. Typically, semiconductor manufactures 
refer to the threshold voltage as the input offset voltage 
(VOS) since the threshold voltage is the sum of the externally 
supplied reference voltage and inherent device offset 
voltage. 





Figure 3. Input/Output Timing Diagram 


DELAY DISPERSION 


Under a constant set of input conditions comparators have 
a specified nominal propagation delay. However, since 
propagation delay is a function of input slew rate and input 
voltage overdrive the delay dispersion parameters, TpE and 
TptT, are provided to allow the user to adjust for these 
variables (where Tpg and TpT apply to inputs with standard 
ECL and TTL levels, respectively). 


Figure 4 and Figure 5 define a range of input conditions 
which incorporate varying input slew rates and input voltage 
overdrive. For input parameters that adhere to these 
constraints the propagation delay can be described as: 


TNOM + TDE (or TpT) 


-09V 
-1.07V 






SLEW RATE = 
0.25 V/NS 


INPUT 
THRESHOLD _ 
RANGE SLEW RATE = 0.75 VINS 








where TNOM is the nominal propagation delay. TNomM 
accounts for nonuniformity introduced by temperature and 
voltage variability, whereas the delay dispersion parameter 
takes into consideration input slew rate and input voltage 
overdrive variability. Thus a modified propagation delay can 
be approximated to account for the effects of input conditions 
that differ from those under which the parts where tested. For 
example, an application may specify an ECL input with a slew 
rate of 0.25 V/NS, an overdrive of 17 mV and a temperature 
of 25°C, the delay dispersion parameter would be 100 ps. 
The modified propagation delay would be 
775ps + 100ps 


2.5V 
2.0V << 








SLEW RATE = 
0.30 VINS 
THRESHOLD 

RANGE SLEW RATE = 0.75 V/NS 





- 1.58V SS SS 05 SSS SS SS 
-1.75V OV 
Figure 4. ECL Dispersion Test Input Conditions Figure 5. TTL Dispersion Test Input Conditions 
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ligh Performance ECL Data 
CLinPS and ECLinPS Lite 


Logic Integrated Circuits Division 


This section contains AC & DC specifications 
r each ECLinPS Lite device type. Specifications 
»mmon to all device types can be found in the 
"st part of this section. While specifications 
nique to a particular device can be found in the 
\dividual data sheets following the family 
2ecifications. 


Jata Sheet Classification 


\dvance Information — product in the sampling or 
pre-production stage at the time of publication. 


?roduct Preview — product in the design stage at 
the time of publication. 


ECLinPS Lite Family Specifica- 
tions & Device Data Sheets 
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ECLinPS Lite Family Specifications 


Absolute Maximum Ratings 
Beyond which device life maybe impaired.1 


Power Supply (Vcc = OV) VD 
m 


Input Voltage (Vcc = OV) 


Cc 
Cc 
Output Current Continuous 
Surge 
Operating Temperature Range 


1 Unless otherwise specified on an individual data sheet. 
Parametric values specified at: 100EL Series: —-4.20V to -5.50V 
10EL Series: -4.94V to -5.50V 





10EL Series DC Characteristics 
VEE = VEE(min) — VegE(max); Voc = GND1 


[weeded 
Se ace ee 


[vou [Ouro ow verge | ~180_| ~16s0_| ee0 | —10_[ —re60 | 130 | —roso [1586 [mv | 
rin [iepattow cure 05 | — | os | — [os | — [oa | — [ma 


1 10EL circuits are designed to meet the DC specifications shown in the table after thermal equilibrium has been established The circuit is in 
a test socket or mounted on a printed circuit board and transverse airflow greater than 500lfpm is maintained Outputs are terminated through 
a 500. resistor to -2.0V except where otherwise specified on the individual data sheets. 














100EL Series DC Characteristics 
VEE = VeE(min) - VeE(max); Vcc = GND1 


rere see cee 
[=e 


| 
| 












H mV 

Ce a ee ee ee 
vou —[oupuvow vonage | — f= [aes [| aie [mv | orvasin 
Pin —_[rouiicrvetege [ves | — [ao [ones — [oo [ow [| 


1 This table replaces the three tables traditionally seen in ECL 100K data books. The same DC parameter values at VEE =—4.5V now apply across 
the full VEE range of -4.2V to—5.5V. Outputs are terminated through a 502 resistor to—2.0V except where otherwise specified on the individual 
data sheets. 


VIN = ViL{max) 
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Applications Information 


Introduction 

The ECLinPS Lite family of products is very similar in 
design and performance as the multi-gate ECLinPS family. 
As a result the design guide and application notes written in 
support of the ECLinPS family are equally applicable to the 
new ECLinPS Lite family. The reader is encouraged to read 
through the ECLinPS Data Book to answer any general 
questions they may have concerning the ECLinPS Lite 
family. The following paragraphs will be used to describe 
behavior that is unique to the ECLinPS Lite family or which 
has not been thoroughly documented in the existing 
literature. 


Maximum Frequency/Bandwidth 

One of the goals of the ECLinPS Lite family was to provide 
means for using ECL in even higher frequency applications. 
Much effort was placed in the reduction of the output 
transition times as these were the limiting factors of the 
frequency capability of the original ECLinPS family. With a 
nearly 50% reduction in output edge rates the ECLinPS Lite 
family’s frequency capability is nearly twice that of the 
ECLinPS devices. 


The data sheets for the flip-flop devices state maximum 
toggle frequencies of 2.2GHz, although impressive these 
values tend to underestimate the useful bandwidth of the 
device. Similarly the buffer devices have a 3db bandwidth 
(600mV output swing) of about 1.4GHz, however the devices 
can be useful! to frequencies well above 2GHz. The trick to 
using the ECLinPS Lite devices to their fullest capabilities is 
to take advantage of the differential 1/O functions. From the 
data sheets for the differential devices the minimum input 
swing is 150mV, a value significantly lower than the 
somewhatrarbitrary 600mV output chosen as the FMAX fail 
criteria. Figure 1 illustrates several ECLinPS Lite devices’ 
output eye voltage versus input frequency; note for the buffer 
type devices the outputs produce a 150mV eye pattern for 
frequencies well over 3GHz. 


Traditionalist may argue that 150mV input swings leave no 
noise margins for the design, when analyzed further this is 
not the case. For single-ended interconnect the worst case 
noise margins are =150mV with no common mode noise 
rejection capabilities. For a 150mvV differential input the same 
150mV of noise margin exists, however in this case the 
interface also has common mode noise rejection capability 
and thus may provide a safer environment than a standard 
single-ended interface. 


The purpose of this discussion is to illustrate the potential 
of using ECLinPS Lite devices at frequencies well above the 
stated maximum limits. The criteria for establishing the 
maximum frequency of a device was determined with 
single-ended interfaces in mind, however in the 1GHz+ realm 
of designs differential interconnect is predominant. For 
differential interconnect systems the criteria for FMAX needs 
to be redefined to better describe the reliable operating 
frequency range of a device. Under this new set of criteria the 
ECLinPS Lite family can be pushed well above 2.5GHz and 


thus provide a cost effective means for processing very high 
speed signals. 
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Figure 1. Eye Pattern versus Frequency 


Using ECLinPS Lite in PECL Designs 

PECL is an acronym for Positive ECL and simply 
represents using standard ECL devices in a +5.0V 
environment. All of the ECLinPS Lite devices, as with the 
majority of all ECL devices, will operate as specified when 
positive power supplies are used. The reason for the use of 
negative power supplies with ECL is due to the fact that the 
output levels and internal bias levels are Vcc rail referenced. 
Because ground is simpler to keep quiet than a power supply, 
it was the natural choice for the Vcc bias. Because the output 
levels vary 1:1 with Vcc, differences in power supply levels 
between transmitter and receiver can be problematic. These 
problems can be eliminated if differential interconnect is 
used. A thorough discussion on this subject can be 
found in the PECL application note (Designing With PECL — 
AN1406/D) available from a Motorola representative. 


With tts small size and low power the ECLinPS Lite family 
of products will naturally find applications in PECL form in 
otherwise TTL or CMOS systems. Many of these applications 
will be in the area of clock distribution. Because minimizing 
skew is the most important aspect of clock distribution 
differential interconnect should be used. This not only 
minimizes skew, but as previously mentioned, it also 
eliminates problems due to VCc variation in PECL designs. 
Again, refer to the Motorola application note (ECL Clock 
Distribution Techniques — AN1405/D) dealing with using ECL 
in clock distribution applications for a more detailed 
discussion. 
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Applications Information (continued) 


0 001uF 


INO—-+ 





Figure 2. AC Coupling Architecture 


An important aspect of using ECLinPS Lite in clock 
distribution schemes is in the interface to the clock source. 
By taking advantage of the AC coupling capability of the 
EL16, or any other differential input device which also 
features a Vpp output, ECLinPS Lite products can be 
interfaced to clock sources which generate other than ECL 
compatible outputs. Probably the most cost efficient and 
simplest oscillators to choose are sinusoidal oscillators. By 
using the architecture of Figure 2 a sinusoidal oscillators can 
be used to drive ECLinPS Lite devices. The only criteria is 
that the amplitude of the oscillator input not exceed the upper 
or lower end of the CMR range when centered on the Veg 
reference. A larger amplitude oscillator output can be used if 
a lower DC bias is used or if the output of the oscillator is 
voltage divided prior to being coupled into the EL16. 


Input Clamp Circuitry and CMR Range 

To maintain stability during open input situations all of the 
differential input devices employ input clamping circuitry. 
Because all of the inputs of ECLinPS Lite devices have 
internal input pulldown resistors when left open the inputs will 
pull down to VEE. Aclamp voltage will take control of the input 
buffer when both inputs pull lower than the clamp voltage. 
This clamp voltage does place a lower bound on the CMR 
range of a device. In the ECLinPS Lite family the internal 
clamp voltage is referenced to the VEE power rail, as a result 
if alarger CMR range is necessary the Veg of a device can be 
lowered. Each incremental lowering of VEE will increase the 
CMR range by an equivalent amount. 


Package Information 

The package chosen for the ECLinPS Lite family is the 
standard 8-lead SOIC package. The 8-lead SOIC is a plastic 
surface mount package with gull wing, 50mil pitch leads. 
Figure 3 illustrates the recommended PCB solder pads for 
the 8-lead SOIC and Figure 5 on the following page outlines 
the various package dimensions. 


Because the SOIC is a plastic package the long term 
reliability of a device is going to be dependent on the 
operating junction temperature. As the junction temperature 
of the device increases an intermetallic is formed between 
the gold bond wire and the aluminum bonding pad. This 
intermetallic eventually causes a void to develop and the 


affected pin to become an open circuit. For a more detailed 
discussion on the subject refer to the Package and Thermal 


section of the ECLinPS data book. 
r 0.050” TYP 


ae 
“0000 | 


“ooo | 


Figure 3. 8-Lead SOIC Solder Pad Dimensions 


The 8-lead SOIC exhibits a thermal resistance as pictured 
in Figure 5. With this information as well as the power 
dissipation of the device in question (calculated as shown in 
the thermal! section of the ECLinPS Data Book) the 
approximate junction temperature and thus theoretical 
lifetime can be estimated. ECLinPS Lite devices are 
designed with chip power levels that permit acceptable 
reliability levels, in most systems, under the conventional 
500Ifpm (2.5m/s) airflow. In fact, for all systems but those that 
operate at the maximum allowed ambient temperatures 
ECLinPS Lite devices will prove reliable with little or no 
cooling airflow. 
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Figure 4. 8-Lead SOIC Thermal Resistance 
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MOTOROLA 


SEMICONDUCTO? wee 
TECHNICAL DATA 


4-Input OR/NOR MC10EL01 
MC100EL01 


The MC10EL/100EL01 is a 4-input OR/NOR gate. The device is 
functionally equivalent to the E101 device with higher performance 
capabilities. With propagation delays and output transition times 
significantly faster than the E101 the ELO1 is ideally suited for those 
applications which require the ultimate in AC performance. 


e 230ps Propagation Delay 

e High Bandwidth Output Transitions 

e 75kQ Internal Input Pulldown Resistors 
e >1000V ESD Protection 


LOGIC DIAGRAM AND PINOUT ASSIGNMENT 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-04 


PIN DESCRIPTION 


DO-D3 Data Inputs 
Q Data Outputs 





DC CHARACTERISTICS (VEE = VEE(min) to VeE(max); Voc = GND) 


[swe ee se 
symba Se PERE 
Power Supply Current 10EL 14 a ‘ 14 17 mA 
100EL 14 16 20 
Power Supply Voltage 10EL |-4.75 ] -5.2 | -5.5 |-4.75 | -5.2 | -5.5 |-4.75 | -5.2 | -5.5 |-4.75 | -5.2 | -5.5 
1OOEL |-4.20 | -4.5 | -55 }-420] -45 | -5.5 |-4.20 | -4.5 | -5.5 |-4.20 |] -4.5 | -55 


Figaricnowens | | [wo] | [of | [o[ | [iso [ma 










AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = GND) 
40°C fe 8 ser == fl 25°C 85°C 
ee cs ee eins 
ae ame Tem] [|= | [| [|e [ [= 
=e ad Nall dd ol ad ad 
tf (20% — 80%) 
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MOTOROLA 


SEMICONDUQQ}1)  —— www ww 
TECHNICAL DATA 


The MC10EL/100EL04 is a 2-input AND/NAND gate. The device is MC1 OOELO4 


functionally equivalent to the E104 device with higher performance 
capabilities. With propagation delays and output transition times 
significantly faster than the E104 the ELO4 is ideally suited for those 
applications which require the ultimate in AC performance. 


240ps Propagation Delay 

High Bandwidth Output Transitions 
75kQ Internal Input Pulldown Resistors 
>1000V ESD Protection 


LOGIC DIAGRAM AND PINOUT ASSIGNMENT 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-04 


PIN DESCRIPTION 


ao D1 Data Inputs 
Data Outputs 





DC CHARACTERISTICS (VEE = VEE(min) to VeE(max); Voc = GND) 


oer ee eee 
Characait Siac SST 
11 be mA 


Power Supply Current 10EL 14 11 14 14 
100EL 14 11 14 14 13 
Power Supply Voltage 10EL |-4.94 | -5.2 | -5.5 |-4.94 | -5.2 | -5.5 |-4.75 | -5.2 | -55 |-4.75 2 : -5.5 
100EL |-4.20 | -4.5 | -5.5 |-4.20 | -4.5 | -5.5 |-4.20 | -4.5 | -5.5 | -4.20 -5.5 
ee 


AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = GND) 
—40°Cc 

















ee eee wf ue a wc 
tPLH Propagation Delay to 235 235 | 360 | 130 | 240 | 370 | 155 | 265 | 395 
et Output 
Output Rise/Fall Times Q 225 225 | 350 | 100 | 225 | 350 225 | 350 
(20% — 80%) 









ECLinPS and ECLinPS Lite 
3-6 


MOTOROLA 


SEMICON R  ———— www 
TECHNICAL DATA 


2-Input Differential AND/NAND MC10EL05 
MC100ELO05 


The MC10EL/100EL05 is a 2-input differential AND/NAND gate. The 
device is functionally equivalent to the E404 device with higher 
performance capabilities. With propagation delays and output transition 
times significantly faster than the E404 the ELO5 is ideally suited for those 
applications which require the ultimate in AC performance. 


Because a negative 2-input NAND is equivalent to a 2-input OR 
function, the differential inputs and outputs of the device allows the ELO5 
to also be used as a 2-input differential OR/NOR gate. 


The differential inputs employ clamp circuitry so that under open input 
conditions (pulled down to VEg) the input to the AND gate will be HIGH. In 
this way, if one set of inputs is open, the gate will remain active to the 
other input. 





e 275ps Propagation Delay 
High Bandwidth Output Transitions 
75kQ. Internal Input Pulldown Resistors D SUFFIX 


>1000V ESD Protection PLASTIC SOIC PACKAGE 
CASE 751-04 


LOGIC DIAGRAM AND PINOUT ASSIGNMENT 


PIN DESCRIPTION 


DO, D1 
Q 





DC CHARACTERISTICS eae = VEE(min) to VEE(max); Voc = GND) 


———— 
Symbol f teanteaes 3 re ee 
Power Supply ml 
sO0EL 
VEE Power Supply Voltage 
1OEL | -4.75 we Bee -4.75 oe ae —4.75 ee => -475 |] -52 | -55 
100EL a ~4.20 4.20 4.20 | -45 | -5.5 
jin | i a A ol | 
ECLinPS and ECLinPS Lite 


| Input HIGH Current | | Input HIGH Current | Current ta 600] 150 
3-7 




















MC10EL05 


AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = GND) 






a 
Ee ea iene 


fee [eames | | am | fs | | | | | 

a Output 260 185 390 215 | 305 | 420 
Pe eo po 

Pvc | Sonmonnioaerarae® [-a4 | [Sa [-a4[ [Se [-o4 | _[ooc®[-o4 |_| Soe 


tr Output Rise/Fall Times Q 
tf (20% — 80%) 225 100 | 225 | 350 | 100 | 225 | 350 225 | 350 


1 Minimum input swing for which AC parameters are guaranteed. The device has a DC gain of =40. 

2 The CMR range is referenced to the most positive side of the differential input signal. Normal operation is obtained tf the HIGH level falls within 
the specified range and the peak-to-peak voltage lies between Vppmin and 1V. The lower end of the CMR range ts dependent on Veg and ts 
equal to VEE + 3.0V. 





A 
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MOTOROLA 


SEMICONDUQTQ?)  — yw 
TECHNICAL DATA 


The MC10EL/100EL07 is a 2-input XOR/XNOR gate. The device is MC1 OOELO7 


functionally equivalent to the E107 device with higher performance 
capabilities. With propagation delays and output transition times 
significantly faster than the E107 the ELO7 is ideally suited for those 
applications which require the ultimate in AC performance. 


e 260ps Propagation Delay 

¢ High Bandwidth Output Transitions 

e 75kQ Internal Input Pulldown Resistors 
e >1000V ESD Protection 


LOGIC DIAGRAM AND PINOUT ASSIGNMENT 
D SUFFIX 


PLASTIC SOIC PACKAGE 
CASE 751-04 


PIN DESCRIPTION 





DC CHARACTERISTICS (Veg = ee to isl! Vcc = < 













dae 
Power Supply Current 10EL 14 17 : 14 17 mA 
100EL 14 17 16 20 
Power Supply Voltage 10EL |-4.94 |] -5.2 | -5.5 |-4.94 | -5.2 |] -5.5 |-+4.75 | -5.2 | -5.5 |-4.75 | -5.2 | -5.5 
100EL |-4.20 | -45 | -5.5 |-4.20 | -4.5 | -5.5 |-4.20 | -4.5 | -5.5 |-4.20 |] -4.5 | -5.5 
Input HIGH Current 250 250 250 250 
150 150 150 150 


AC CHARACTERISTICS (VEE = “5 to VEE(max); Voc = GND) 


Ne ee ae eee 
tPLH Propagation Delay to 250 140 | 250 | 385 | 150 | 260 | 395 | 170 | 280 | 415 

tPHL Output 

tr Output Rise/Fall Times Q 225 100 | 225 | 350 225 | 350 | 100 | 225 | 350 

tf (20% — 80%) 


ECLinPS and ECLinPS Lite 
3-9 









MOTOROLA 


SEMICONDUCTOR  — www 
TECHNICAL DATA 


1:2 Differential Fanout Buffer MC10EL11 
MC100EL11 


The MC10EL/100EL11 is a differential 1:2 fanout gate. The device is 
functionally similar to the E111 device but with higher performance 
capabilities. Having within-device skews and output transition times 
significantly improved over the E111, the EL11 is ideally suited for those 
applications which require the ultimate in AC performance. 


The differential inputs of the EL11 employ clamping circuitry to 
maintain stability under open input conditions. If the inputs are left open 
(pulled to VEE) the Q outputs will go LOW. 


e 265ps Propagation Delay 

e 5ps Skew Between Outputs 

e High Bandwidth Output Transitions 

e 75kQ Internal Input Pulldown Resistors 
e >1000V ESD Protection 


D SUFFIX 


PLASTIC SOIC PACKAGE 
LOGIC DIAGRAM AND PINOUT ASSIGNMENT CASE 751-04 


PIN DESCRIPTION 


FUNCTION 





D Data Inputs 
QO, Q1 Data Outputs 





DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = GND) 


ae a | 


Power Supply Current 
1OEL 26 21 26 31 21 26 31 21 26 
1OOEL 26 21 26 31 21 26 31 24 30 
VEE Power Supply Voltage 
10EL |-4.75 | -5.2 | -5.5 |-475]-52 | -5.5 |-4.75|-52 | -55 |~-4.75 | -52 
1O0EL |-420] -4.5 | -5.5 |-4.20 | 4.5 | -55 |-4.20] -4.5 | -55 |-4.20] -45 
anes aaa! fs 


rot {| [el [ [ps] | 
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31 
36 
-55 
-55 


85°C 

| Typ_| Max | 
mA 
Vv 





MC10EL11 


AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = GND) 


| Min | typ | Max | min | 
ETE eel i 8d a Kd el ald a 
tPHL ee 
da a 
Dai Cycle Skew2 20 20 20 
|Vpp | Minimum | Minimum input Swing | Minimum input Swing }i50{ | | tso] | | 150 | | 150 | | 150 | ft | mv | 
Ee ee ee dd 


tr Output Rise/Fall Times Q 100 | 225 | 350 | 100 | 225 | 350 225 | 350 
tf (20% as 80%) 


1 Within-device skew defined as identical transitions on similar paths through a device. 
2 Duty cycle skew is the difference between a TPLH and TPHL propagation delay through a device. 
3 Minimum input swing for which AC parameters guaranteed. The device has a DC gain of =40. 


4 The CMR range ts referenced to the most positive side of the differential input signal. Normal operation is obtained if the HIGH level falls within 
the specified range and the peak-to-peak voltage lies between Vppmin and 1V. The lower end of the CMR range is dependent on Veg and Is 
equal to VEE + 3.0V. 










85°C 


i. es ee ee ea 
[typ] seme in] Type | Max in| ay ex | 
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TECHNICAL DATA 


Low impedance Driver MC10EL12 
MC100EL12 


The MC10EL/100EL12 is a low impedance drive buffer. With two pairs 
of OR/NOR outputs the device is ideally suited for high drive applications 
such as memory addressing. The device is a function equivalent to the 
E112 device with higher performance capabilities. With propagation 
delays significantly faster than the E112 the EL12 is ideally suited for 
those applications which require the ultimate in AC performance. 


290ps Propagation Delay 

Dual Outputs for 25Q Drive Applications 
e 75kQ Internal Input Pulldown Resistors 
e >1000V ESD Protection 


LOGIC DIAGRAM AND PINOUT ASSIGNMENT 
D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-04 


PIN DESCRIPTION 


pew | Function 





DO, D1 Data Inputs 
Qa, Qb Data Outputs 





DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = GND) 


ee Sa eater hin ie ieee ae ea 
Symbol “Se EE Typ [ex | win [Tye [wax | min [Tye [Max | win | Te 
Power Supply Current 10EL 14 14 17 11 14 17 11 14 
100EL 14 14 17 11 14 17 13 16 
Power Supply Voltage 10EL |-4.94 | -5.2 | -5.5 |-4.94 | -5.2 | -5.5 |-4.94 | -5.2 |-5.5 |-494]-52 
100EL |-4.20 | -4.5 |] -5.5 ]-4.20 |] -4.5 | -5.5 |-4.20 | -4.5 | -5.5 |-4.20 | -4.5 
jo} | 


een bia siten aes Sa eG 













ae 
20 
—5.5 
aa 





AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = GND) 


symiot | __ characteristic [in | Tw [ Max | Min | tye [Max | min | Twp [ax | Min | Ty | Mor 
tPLH Propagation Delay to 170 290 | 450 | 210 | 320 | 480 

tPHL Output 

tr Output Rise/Fall Times Q 350 } 550 150 | 350 | 550 150 } 350 | 550 ps 
tf (20% — 80%) 
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MOTOROLA 


SEMICONDUCTOR 
TECHNICAL DATA 





Advance Information MC10EL15 
1:4 Clock Distribution Chip MC100EL15 


The MCi0EL/100EL15 is a low skew 1:4 clock distribution chip 
designed explicitly for low skew clock distribution applications. The 
device can be driven by either a differential or single-ended ECL or, if 
positive power supplies are used, PECL input signal. If a single-ended 
input is to be used the Vpp output should be connected to the CLK input 
and bypassed to ground via a 0.01pF capacitor. The Vgp output is 


designed to act as the switching reference for the input of the EL15 under GE 
single-ended input conditions, as a result this pin can only source/sink up LE 
to 0.5mA of current 16 


The EL15 features a multiplexed clock input to allow for the distribution 
of a lower speed scan or test clock along with the high speed system 
clock. When LOW (or left open and pulled LOW by the input pulldown 
resistor) the SEL pin will select the differential clock input. 


The common enable (EN) is synchronous so that the outputs will only D SUFFIX 
be enabled/disabled when they are already in the LOW state. This avoids PLASTIC SOIC PACKAGE 
any chance of generating a runt clock pulse when the device is CASE 751B-05 
enabled/disabled as can happen with an asynchronous control. The 
internal flip flop is clocked on the falling edge of the input clock, therefore 
all associated specification limits are referenced to the negative edge of 
the clock input. 





e 50ps Output-to-Output Skew 
e Synchronous Enable/Disable PIN DESCRIPTION 
e Multiplexed Clock Input 


; | PIN | FUNCTION 
e 75kQ Internal Input Pulldown Resistors 


e >1000V ESD Protection Diff Clock Inputs 
Scan Clock Input 
Sync Enable 
LOGIC DIAGRAM AND PINOUT ASSIGNMENT Clock Select Input 


Reference Output 
Diff Clock Outputs 


" < i CLK = a = VEE 





* On next negative transition of 
CLK or SCLK 





More information on this device may be available in the Motorola ECLinPS Lite Brochure — BR1330/D — available through Literature Distribution. 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC10EL15 


ABSOLUTE MAXIMUM RATINGS! 


lout Output Current Continuous 50 mA 
Surge 100 
Operating Temperature Range —40 to +85 


1 Absolute maximum rating, beyond which, device life may be impaired, unless otherwise specified on an individual data sheet. 
2 Parametric values specified at: 
100EL Series: 
—4 20V to -5.50V 
10EL Series: 
-4.94V to -5.50V 










10EL SERIES 
DC CHARACTERISTICS (VEE = VEE(min) — VEE(max); Voc = GND1) 


a 
Es ee we ese 
[ouput votage [080 | -e00 | -1e0 | -210 | 060 | -si0 | -e10 | -7e0 | wv | 

Pav 
Par 
Pa | 















[vot | upatow votage | 980 [ ~ve80 | ~r050 | ~10_[ vos0 | —1eso | —is0_[ 1695 | 
Pv. [irwatowvarge | 1980 | ~1600 | ~roso_[ 00 [-ro50 | —v400 | ~150_[ “005 | 
frpttowwen fas | — [es | — | os | — | oa | — [ma] 


1 10EL circuits are designed to meet the DC specifications shown in the table after thermal equilibrium has been established The circuit is ina 
test socket or mounted on a printed circuit board and transverse airflow greater than 500lfpm is maintained. Outputs are terminated through a 
502 resistor to -2.0V except where otherwise specified on the individual! data sheets. 


mV 
mV 
mV 
mV 
HA 





100EL SERIES 
DC CHARACTERISTICS (VEE = VEE(min) — VEE(max); Voc = GND1) 


Symbol Characteristic | Min | | Typ | 


epee ee fee ae 
[vor] Oupsttowvotage | =1680 | —1605 | —1655 | —ro10 | —1705 [a0 | v_| orvinin 
ee ee 
sf — | 

a | 










VIN = ViH(max) 


Typ 
eg cr eee aime ea 

P= [aes |e [es ow 
a on ee ee 
1 This table replaces the three tables traditionally seen in ECL 100K data books. The same DC parameter values at VEE = —4.5V now apply across 


the full Veg range of -4.2V to —5.5V. Outputs are terminated through a 50Q resistor to -2.0V except where otherwise specified on the individual 
data sheets. 
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MC10EL15 


AC/DC CHARACTERISTICS (VEE = = to VEE(max); Voc = GND) 









[we [ee = we i] eid 

Chaacerit eT [ae [ae [ee Te 

fice [Powersipovcwent | [es [s| [efs| |[sfs| |s]s|m| 

ee | Sete tt Pa] habs] Gebel beha] Gel 
Voltage 1O0EL | -1. 38 -1.26 | -1.38 ~1.26 | -1.38 -1.26 | -1.38 —1.26 


Frpstheveoren | | po] [fo] | [wo] | [m[m | 


tPLH Propagation Delay 
tPHL CLK to Q 420 | 520 | 620 | 440 | 540 | 640 | 480 | 580 | 680 
500 | 600 | 700 | 520 | 620 | 720 | 560 | 660 | 760 
SCLK to Q 350 500 650 350 500 650 410 560 710 
400 | 550 | 700 | 400 } 550 | 700 | 460 | 610 | 760 


Pee eT Te 
ee Device Skew! 50 50 
a 
ee — eee 
foe —semvorosr me | [fan TT 
ica 2a] [ae fae] [aT 


oun | conn Rise/Fall Times Q 325 575 | 325 
(20% — 80%) 


1.Skews are specified for identical LOW-to-HIGH or HIGH-to-LOW transitions. 
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MOTOROLA 


SEMICONDUO?1OR ya 
TECHNICAL DATA 


Differential Receiver MC10EL16 
The MC10EL/100EL16 is a differential receiver. The device is MC100EL16 


functionally equivalent to the E116 device with higher performance 
capabilities. With output transition times significantly faster than the E116 
the EL16 is ideally suited for interfacing with high frequency sources. 


The EL16 provides a Vpp output for either single-ended use or as a DC 
bias for AC coupling to the device. The Vgp pin should be used only as a 
bias for the EL16 as its current sink/source capability is limited. Whenever 
used, the Veg pin should be bypassed to ground via a 0.01pf capacitor. 


Under open input conditions (pulled to VEE) internal input clamps will 
force the Q output LOW. 


e 250ps Propagation Delay 

e High Bandwidth Output Transitions 

@ 75kQ Internal Input Pulldown Resistors 
@ >1000V ESD Protection 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-04 


LOGIC DIAGRAM AND PINOUT ASSIGNMENT 





PIN DESCRIPTION 


Data Inputs 
Data Outputs 


Ref. Voltage Output 





DC CHARACTERISTICS (VEE = oS to VEE(max); Voc = alll 


Gr Coa GREE mr 


Power Supply 10EL 18 14 18 22 14 18 22 14 18 ee mA 
Current 100EL 18 14 18 22 14 18 22 16 21 26 


Power Supply 1OEL }-4.75 | -5.2 | -5.5 |-4.75|-5.2 | -5.5 |-4.75 | -5.2 | -5.5 |-4.75 |] -5.2 | -5.5 
Voltage 100EL | -4.20 | -4.5 | -5.5 |-4.20 | -+4.5 | -55 |-4.201-45 | -55 |-420]-4.5 | -55 


PP pot fff f fof [Lis 
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Output Reference 10EL | —1.43 —1.30 | -1.38 -1.27 |-1.35 -1.25 | -1.31 -1.19 
Voltage 100EL | -1.38 -1.26 | -1.38 -1.26 | -1.38 —1.26 | -1.38 -1 26 


MC10EL16 


AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = GND) 


ee ae 
[Tye | Max | win | typ | Wax | 
250 


tPLH Propagation Delay 
tPHL to Output 175 325 | 205 | 280 | 355 
(SE) 125 250 | 375 155 280 | 405 
o | | s | 20 | pe | 


ser [pwomaeton [ps] [s]a]_[s]a, 
piso] ft 
Common Mode Range el ; 


tr Output Rise/Fall Times Q 350 225 }| 350 | 100 | 225 | 350 
tf (20% — 80%) 


1 Duty cycle skew is the difference between a TPLH and TPHL propagation delay through a device. 
2 Minimum input swing for which AC parameters guaranteed. The device has a DC gain of =40. 


3 The CMR range is referenced to the most positive side of the differential input signal. Normal operation is obtained if the HIGH level falls within 
the specified range and the peak-to-peak voltage lies between Vppmin and 1V. The lower end of the CMR range ts dependent on Veg and is 
equal to Veg + 3.0V. 
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TECHNICAL DATA 


D Flip-Flop With Set and MC10EL31 
Reset MC100EL31 


The MC10EL/100EL31 is a D flip-flop with set and reset. The device is 
functionally equivalent to the E131 device with higher performance 
Capabilities. With propagation delays and output transition times 
significantly faster than the E131 the EL31 is ideally suited for those 
applications which require the ultimate in AC performance. 


Both set and reset inputs are asynchronous, level triggered signals. 
Data enters the master portion of the flip-flop when clock is LOW and is 
transferred to the slave, and thus the outputs, upon a positive transition of 
the clock. 


¢ 475ps Propagation Delay 
¢ 2.8GHz Toggle Frequency 
e 75kQ Internal Input Pulldown Resistors D SUFFIX 


e >1000V ESD Protection PLASTIC SOIC PACKAGE 
CASE 751-04 





LOGIC DIAGRAM AND PINOUT ASSIGNMENT 


TRUTH TABLE 


Z = LOW to HIGH Transition 





DC CHARACTERISTICS (Veg = VEE(min) to VEE(max); Voc = = 










symbet | characteristic [wr wie Doe [ae [ee [> [a 
Power Supply {we | se 18 27 32 18 27 32 18 27 32 mA 
Current 100EL 23 18 27 32 18 27 32 21 31 37 
Power Supply 10EL }-4.75 | -5.2 | -5.5 |-4.75 | -5.2 | -5.5 |-4.75 |] -5.2 | -5.5 |-4.75 | -5.2 | -5.5 
Voltage 100EL | -4.20 | -4.5 | -5.5 |-4.20 | -4.5 | -5.5 |-4.20] -45 | -5.5 |-4.20] -45 | -55 
= ionricnowren | | vo] | [wo] | [so] | |v Joa, 
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MC10EL31 


AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = — 













ee 


fMAX Maximum Toggle feel 2 ey 8 2.2 ie 2 2. ey ae 
Frequency 
tPLH Propagation Delay 
tPHL to Output CLK 465 365 | 465 | 580 } 375 | 475 } 590 } 430 } 530 | 645 
S,R 455 345 | 455 } 580 | 355 ia 590 | 400 io i 
ts Setup Time | 150 Ey 
: Hold Time - i eS 250 i Ey ea 
ltaR | SevReset Recovery | | SevReset Recovery | 400 etiod ome 
pan__| Stes Pulse Width oe cS 400 400 
CLK, Set, Reset 
Output Rise/Fall Times Q 225 100 | 225 | 350 | 100 | 225 | 350 | 100 | 225 | 350 
(20% — 80%) 
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TECHNICAL DATA 


+2 Divider MC10EL32 
MC100EL32 


The MC10EL/100EL32 is an integrated +2 divider. The differential 
clock inputs and the Vgp allow a differential, single-ended or AC coupled 
interface to the device. If used, the VppB output should be bypassed to 
ground with a 0.01uF capacitor. Also note that the Vpp is designed to be 
used as an input bias on the EL32 only, the Vgp output has limited current 
sink and source capability. 


The reset pin is asynchronous and is asserted on the rising edge. 
Upon power-up, the internal flip-flop will attain a random state; the reset 
allows for the synchronization of multiple EL32’s in a system. 


e 510ps Propagation Delay 

3.0GHz Toggle Frequency 

e High Bandwidth Output Transitions 
75kQ Internal Input Pulldown Resistors 
>1000V ESD Protection 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-04 


LOGIC DIAGRAM AND PINOUT ASSIGNMENT 


PIN DESCRIPTION 


Clock Inputs 
Asynch Reset 
Ref Voltage Output 


VBB Data Ouputs 





DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = GND) 










ge eee) ee 
symot| characteristic [win [yp | wax | win [ye [ax [ win | wp [mon | win | Tr | wax | 
Power Supply 10EL 25 25 30 25 30 25 30 mA 
Current 100EL 25 25 30 25 30 29 35 
Power Supply 10EL -52 —4.75 | -5.2 | -5.5 {-4.75 | -5.2 | -5.5 |-4.75 | -5.2 | -5.5 Vv 
Voltage 100EL —4.5 —4.20 |] 4.5 | -5.5 |-4.20] -4.5 |] -55 {-4.20 | -45 | -5.5 
VBB Output Reference 10EL | -1 43 —1.30 | -1.38 -1 27 |-1.35 -1.25 | -1.31 —1.19 
Voltage 100EL | -1.38 -1.26 | -1.38 —1.26 | -1.38 —1.26 | -1.38 -1 ES 
inputrigHcuren | | } wo] | [wo | [wo[ [| %80 
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MC10EL32 


AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = GND) 


ee ee ee ae ee a 
Symbol | __ Characters SE Stee tee 
fMAX Maximum Toggle ae 6 Fal 0 2.6 co 0 fee 6 a 0 mi 
Frequency 
tPLH Propagation Delay 
tPHL CLK to Q 500 410 | 500 | 590 | 420 | 510 | 600 | 450 | 540 | 630 
Reset to Q = 440 | 540 | 640 } 440 | 540 ol ca a 4 


Output Rise/Fall Times Q 100 225 | 350 100 225 — 1s — — 
(20% — 80%) 


1 Minimum input swing for which AC parameters are guaranteed 
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TECHNICAL DATA 


+4 Divider MC10EL33 
MC100EL33 


The MC10EL/100EL33 is an integrated +4 divider. The differential 
clock inputs and the Vpp allow a differential, single-ended or AC coupled 
interface to the device. If used, the Vgp output should be bypassed to 
ground with a 0.01uF capacitor. Also note that the Vpp is designed to be 
used as an input bias on the EL33 only, the Vag output has limited current 
sink and source capability. 


The reset pin is asynchronous and is asserted on the rising edge. 
Upon power-up, the internal flip-flops will attain a random state; the reset 
allows for the synchronization of multiple EL33’s in a system. 


650ps Propagation Delay 

e 4.0GHz Toggle Frequency 

e High Bandwidth Output Transitions 

e 75kQ Internal Input Pulldown Resistors 
e >1000V ESD Protection 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-04 


LOGIC DIAGRAM AND PINOUT ASSIGNMENT 





PIN DESCRIPTION 


pew | Function 


Clock Inputs 
Asynch Reset 

Ref Voltage Output 
Data Ouputs 





DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = GND) 


Symbol Characteristic 


Power Supply 10EL 
Current 100EL 


Power Supply 10EL ; . : -5.2 | -5.5 
Voltage 100EL ; : . 4.5 | -5.5 
Output Reference 10EL | -1.43 : : < -1.19 
Voltage 100EL | -1. ee : ; —1.26 


= PE [so [oa 
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MC10EL33 


AC CHARACTERISTICS (Veg = VEE(min) to —_— Voc = GND) 


Characeit Ee ee ee ee eee 


fMAX Maximum Toggle ee 8 4. sal 38 jae 2 Ba 8 ae 2 Lee 
Frequency 
tPLH Propagation Delay 
tPHL CLK to Q 630 540 | 630 | 720 | 550 | 640 | 730 } 590 | 670 | 760 
Reset toQ ro Fes a a a a ra 380 si ie 


|Vpp | Minimum Input Swing? | 150 | 
wer | Output Rise/Fall Times Q — 22 — — =| — — = — — 
tt (20% — 80%) 


1 Minimum input swing for which AC parameters are guaranteed. 
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TECHNICAL DATA 


Product Preview MC10EL34 
+2, +4, +8 Clock Generation Chip MC100EL34 





The MC10/100EL34 is a low skew +2, +4, +8 clock generation chip 
designed explicitly for low skew clock generation applications. The 
internal dividers are synchronous to each other, therefore, the common 
output edges are all precisely aligned. The device can be driven by either 
a differential or single-ended ECL or, if positive power supplies are used, 
PECL input signal. In addition, by using the Vpp output, a sinusoidal 
source can be AC coupled into the device (see Interfacing section of the 
ECLinPS™ Data Book DL140/D). If a single-ended input is to be used, the LE 
VBp output should be connected to the CLK input and bypassed to ground 
via a 0.01uF capacitor. The Vpp output is designed to act as the switching 
reference for the input of the EL34 under single-ended input conditions, 
as a result, this pin can only source/sink up to 0.5mA of current. 


The common enable (EN) is synchronous so that the internal dividers 
will only be enabled/disabled when the internal clock is already in the 
LOW state. This avoids any chance of generating a runt clock pulse on 
the internal clock when the device is enabled/disabled as can happen 
with an asynchronous control. An internal runt pulse could lead to losing 
synchronization between the internal divider stages. The internal enable 
flip-flop is clocked on the falling edge of the input clock, therefore, all 
associated specification limits are referenced to the negative edge of the 
clock input. 


Upon startup, the internal flip-flops will attain a random state; the 
master reset (MR) input allows for the synchronization of the internal 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751B-05 





dividers, as well as multiple EL34s in a system. PIN DESCRIPTION 

e 50ps Output-to-Output Skew FPN | PURE RON 

e Synchronous Enable/Disable Diff Clock Inputs 

e Master Reset for Synchronization Sync Enable 
Master Reset 

@ 75kQ Internal Input Pulldown Resistors Reference Output 


e >1000V ESD Protection Diff +2 Outputs 
Diff +4 Outputs 

Diff +8 Outputs 

LOGIC DIAGRAM AND PINOUT ASSIGNMENT 


FUNCTION TABLE 


fee en [wm [romero 


Z L L Divide 
ZZ H L Hold Qo-3 
X X H Reset Qo-3 


Z = Low-to-High Transition 
ZZ = High-to-Low Transition 





More information on this device may be available in the Motorola ECLinPS Lite Brochure — BR1330/D — available through Literature Distribution. 


This document contains information on a product under development Motorola reserves the right to change or discontinue this product without notice 
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MC10EL34 


AC/DC CHARACTERISTICS (VEE = —_ to VEE(max); Voc = GND) 


characte a To Tm [mT Te 
ea 


es Pover Reference 10Et | -—1. — st 30 | -1 | et 27 — 35 —1.25 |-1.31 —1.19 
Voltage 100EL } -1.38 mele = -1 a mee 26 | -1. a arc .26 | -1 38 -1.26 
— Input High Current } 150 | | 150 | | || 150 | pa | 
tPLH Propagation Delay 
tPHL to Output CLK 1100 1100 1100 1100 

“I 800 800 800 800 


pepe | 
fesse tee pest et 
CE Ne 5 ee 0 a Ts Wa 


Minimum Input Swing mV 
CLK 250 250 250 

VomR_ | Common Mode Range Vv 
CLK -2.0 -0.4 | -2.0 -0.4 | -2.0 -0.4 -0.4 

tr Output Rise/Fall Times Q 400 400 400 400 

tf (20% — 80%) 
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TECHNICAL DATA 
JK Flip-Flop MC10EL35 
The MC10EL/100EL35 is a high speed JK flip-flop. The J/K data enters MC 1 OOEL35 


the master portion of the flip-flop when the clock is LOW and is 
transferred to the slave, and thus the outputs, upon a positive transition of 
the clock. The reset pin is asynchronous and is activated with a logic 
HIGH. 


e 525ps Propagation Delay 

e 2.2GHz Toggle Frequency 

e High Bandwidth Output Transitions 

@ 75kQ Internal Input Pulldown Resistors 
® >1000V ESD Protection 


D SUFFIX 
LOGIC DIAGRAM AND PINOUT ASSIGNMENT PLASTIC SOIC PACKAGE 


CASE 751-04 





TRUTH TABLE 





Z = LOW to HIGH Transition 





DC CHARACTERISTICS (VEE = VEE(min) to VeE(max); Voc = GND) 


Characteristic 


Power Supply 10EL 
Current 100EL 


Power Supply 10EL 
Voltage 100EL 


Input HIGH Current | | 
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MC10EL35 


AC CHARACTERISTICS (VEE = aa to VEE(max); Vcc = GND) 


a [a [| 
requency 


tPLH Propagation Delay a 515 340 ; 515 | 690 | 350 | 525 {| 700 | 395 | 570 } 745 
tPHL to Output 450 Ea Ze 4 275 | 450 | 625 | 350 | 525 | 700 














Pe [as roto] fwpe] [a 


is 
la [eine 
fen [pone [a 


Minimum Pulse Width 400 400 400 400 
CLK, Reset 

tr Output Rise/Fall Times Q 225 

tf (20% — 80%) 
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TECHNICAL DATA 


Differential Clock D Flip-Flop MC1O0EL51 
MC100EL51 


The MC10EL/100EL51 is a differential clock D flip-flop with reset. The 
device is functionally similar to the E151 device with higher performance 
capabilities. With propagation delays and output transition times 
significantly faster than the E151 the EL51 is ideally suited for those 
applications which require the ultimate in AC performance. 


The reset input is an asynchronous, level triggered signal. Data enters 
the master portion of the flip-flop when the clock is LOW and is 
transferred to the slave, and thus the outputs, upon a positive transition of 
the clock. The differential clock inputs of the EL51 allow the device to be 
used as a negative edge triggered flip-flop. 


The differential input employs clamp circuitry to maintain stability under 
open input (pulled down to VEE) conditions. 


e 475ps Propagation Delay 
e 2.8GHz Toggle Frequency 
e 75kQ Internal Input Pulldown Resistors 


e >1000V ESD Protection Siete eaIG GE 


CASE 751-04 


LOGIC DIAGRAM AND PINOUT ASSIGNMENT 


TRUTH TABLE 


Z = LOW to HIGH Transition 





DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = GND) 


charcterte [win [Tw [ Wax | win [ Te [ex | min [Tyr [ ox | win | Typ [ Max | 


Typ 
Power Supply 10EL 24 24 29 19 24 29 19 24 29 mA 
Current 100EL 24 24 29 19 24 29 24 30 36 
VEE Power Supply 10EL |-4.75 | -5.2 4.75 | -5.2 4.75 | -5.2 | -5.5 |-4.75|-5.2)-55 |] V 
Voltage 100EL | ~4.20 | -4.5 —4.20 | -4.5 4.20 | -4.5 | -5.5 |-4.20 | -4.5 | -5.5 
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MC10EL51 


AC CHARACTERISTICS (VEE = VEE(min) to VeE(max); Voc = GND) 













-40°C 85°C 


ee a ee ee ee ee 
pe see Se 


{MAX Maximum Toggle eal 2 2. feel 22 le 8 eal 2 2. Ew es 
Frequency 
tPLH Propagation Delay 
tPHL to Output CLK 465 375 | 465 | 555 | 385 | 475 | 565 | 440 | 530 | 620 
R 455 355 ou 555 | 355 | 465 | 565 | 410 | 510 | 620 


fees Feet tebe apt 


lta | ResetRecovery | Reset Recovery | 


an | Fess Pulse Width co oe | | 
CLK, Reset 


a es a 


rr Common Mode Range2 | | See? | -0.4 | | | See? | | 0.4 | 4 | | See? | | -0.4 | 4 | [ See2] ov | 


tr Output Rise/Fall Times Q = Esa a cd ea | co Ls Beal 
tf (20% — 80%) 


1 Minimum input swing for which AC parameters are guaranteed. 

2 The CMR range ts referenced to the most positive side of the differential input signal. Normal operation is obtained if the HIGH level falls within 
the specified range and the peak-to-peak voltage lies between Vppmin and 1V. The lower end of the CMR range is dependent on Veg and is 
equal to VEE + 3.0V. 
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TECHNICAL DATA 


Differential Data and MC10EL52 
Clock D Flip-Flop MC100EL52 


The MC10EL/100ELS52 is a differential data, differential clock D flip-flop 
with reset. The device is functionally equivalent to the E452 device with 
higher performance capabilities. With propagation delays and output 
transition times significantly faster than the E452 the EL52 is ideally 
suited for those applications which require the ultimate in AC 
performance. 


Data enters the master portion of the flip-flop when the clock is LOW 
and is transferred to the slave, and thus the outputs, upon a positive 
transition of the clock. The differential clock inputs of the EL52 allow the 
device to also be used as a negative edge triggered device. 


The EL52 employs input clamping circuitry so that under open input 


conditions (pulled down to VEE) the outputs of the device will remain 
stable. D SUFFIX 


PLASTIC SOIC PACKAGE 
CASE 751-04 
e 365ps Propagation Delay 


e 2.0GHz Toggle Frequency 
e 75kQ Internal Input Pulldown Resistors 
e >1000V ESD Protection 





PIN DESCRIPTION 


FUNCTION 


LOGIC DIAGRAM AND PINOUT ASSIGNMENT Data Input 


Clock Input 
Data Output 


Z = LOW to HIGH Transition 





DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = GND) 


Symbol Characteristic | Min | yp | Max | Min | Typ | 

lEE Power Supply 10EL 17 21 
Current 100EL 17 21 

VEE Power Supply 10EL | -4.94 | —5. 5.2 
Voltage 100EL .20 : 5 










i [ve [x | wn | Ta 


25 21 25 17 21 25 mA 
25 21 25 19 24 29 









orn 






17 
17 
—4.94 —4.75 | -5.2 | -5.5 |-4.75 | -5.2 | -5.5 Vv 
—~4 .20 —4.20 | -4.5 | -5.5 |-4.20 | -4.5 | -5.5 
Input HIGH Current | | 


~4.20 | 4 
eof | feof [ pw{ | [i 
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MC10EL52 


AC CHARACTERISTICS (VEE = VEE(min) to Veg(max); Voc = GND) 


a 
characters [win [tye [wor | win | Te [max | win [Typ [War [vin | We 


fMAX Maximum Toggle 25 22 2.8 22 2.8 22 2.8 GHz 
Frequency 
tPLH Propagation Delay 335 275 | 365 | 465 | 275 | 365 | 465 | 320 | 410 | 510 
tPHL to Output CLK 
40 














milli 
tH [Holdtime | to | tc | co | 
Few [ium Pasewian | ao] |_| nel 
a ee 
tr 
tf 


Vomr_ | Common Mode Range? 
D(10EL) | -0. -16 ‘ 
D (100EL) : -1.2 : 
CLK (10EL) ‘ See3 | -0.6 
CLK (100EL) E See3 | -0.8 3 
Output Rise/Fall Times Q 225 100 {| 225 { 350 100 225 350 225 350 ps 
(20% — 80%) 


1 Minimum input swing for which AC parameters are guaranteed. 


2 The CMR range ts referenced to the most positive side of the differential input signal. Normal operation Is obtained if the HIGH level falls within 
the specified range and the peak-to-peak voltage lies between Vppmin and 1V. 


3 The lower end of the CMR range is dependent on VEE and Is equal to VEE + 3.0V. 
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TECHNICAL DATA 


Advance Information MC10EL57 
4:1 Differential Multiplexer MC100EL57 


The MC10/100EL57 is a fully differential 4:1 multiplexer. By leaving the 
SEL1 line open (pulled LOW via the input pulldown resistors) the device 
can also be used as a differential 2:1 multiplexer with SELO input 
selecting between DO and D1. The fully differential architecture of the 
EL57 makes it ideal for use in low skew applications such as clock 
distribution. 


The SEL1 is the most significant select line. The binary number applied 
to the select inputs will select the same numbered data input (i.e., 00 LE 
16 


selects DO). 


Multiple VepB outputs are provided for single-ended or AC coupled 
interfaces. In these scenarios, the VBp output should be connected to the 
data bar inputs and bypassed via a 0.01,F capacitor to ground. Note that 
the VpB output can source/sink up to 0.5mA of current without upsetting 
the voltage level. 

D SUFFIX 


e Useful as Either 4:1 or 2:1 Multiplexer Pee 


e VBB Output for Single-Ended Operation 
e 75kQ Internal Input Pulldown Resistors 
>1000V ESD Protection 





LOGIC DIAGRAM AND PINOUT ASSIGNMENT 
PIN DESCRIPTION 


Spin | FUNCTION 


Diff Data Inputs 
Mux Select Inputs 
Reference Output 
Data Outputs 


Veco SELO SEL1 Q Q _ Vgpi Vppo Vee 


FUNCTION TABLE 


SEL1 | SELO DATA OUT 
DO 


L L 
L H D1 
H L 
H H 











Characteristic 





Power Supply (Vcc = OV) 


Input Voltage (Voc = OV) 


I 
lout Output Current Continuous 
Surge 


Operating Temperature Range —40 to +85 


1 Absolute maximum rating, beyond which, device life may be impaired, unless otherwise specified on an individual data sheet. 
2 Parametric values specified at: 100EL Series: -4.20V to -5.50V 10EL Series: -4.94V to —5.50V 


More information on this device may be available in the Motorola ECLinPS Lite Brochure — BR1330/D — available through Literature Distribution. 
This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC10EL57 


10EL SERIES 
DC CHARACTERISTICS (VEE = VEE(min) - VEE(max); Voc = GND1) 


SS 
ee ce a 


| mv | 











rn weniowowen | os [| — [os | — [os | — [os | —— 


1 10EL circuits are designed to meet the DC specifications shown In the table after thermal equilibrium has been established. The circuit is ina 
test socket or mounted on a printed circuit board and transverse airflow greater than 500Ifpm ts maintained. Outputs are terminated through a 
50Q resistor to -2.0V except where otherwise specified on the individual data sheets. 


100EL SERIES 
DC CHARACTERISTICS (VEE = VEE(min) — VEE(max); Voc = GND?) 


v= Vmod 
evi 

Towa | Ouanicrvorase [oes | — | — | aoe | — | — [mv [vn=vininon 
Poa | ouourow vorexe | — | — | == | — | — | —v610 [mv orvtnin 

Pin [mewn votege | ves | — | -aeo | ves | — [coo [ov | 
Pi, | ewowvetce | sei. | —_| ws | oro | — [ws Pov | 
ric waatow eure] 08 | =| — [os [=| — [va [ww=viiron 


1 This table replaces the three tables traditionally seen in ECL 100K data books. The same DC parameter values at Veg =—4.5V now apply across 
the full VEE range of —4.2V to -5.5V. Outputs are terminated through a 502 resistor to -2.0V except where otherwise specified on the individual 
data sheets. 















AC/DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = GND) 


[we [oe wee 
characte [in [Tym [wax | min [ye [mex | min | yp [x | ain [ye [max 
fcc [Powersmnvowen | [fot [si] [sta] ||» | m 
VeB Output Reference 10EL |-1.43 -1 30 | -1.38 -1.27 | -1.35 —1.25 | -1.31 -1.19 Vv 
ree [Satan cot [3] [Sef] [sess] se) Eas] | 

El Ea 


1.26 
Ta [rononoen | | [= | Fa 


tPLH Propagation Delay 
tPHL DATA to Q/Q tPLH 400 } 500 | 600 | 400 |} 500 | 600 | 440 | 540 | 640 
“he tPHL 340 | 440 | 540 | 340 | 440 | 540 | 370 | 470 | 570 
SEL to Q/Q tPLH 400 |} 525 | 650 | 400 | 525 | 650 | 450 | 575 | 700 
tPHL 450 | 575 | 700 | 450 | 575 | 700 | 480 | 605 | 730 











Vpp Minimum Input Swing 

CLK 150 150 
VcmR_ | Common Mode Range 

CLK -2.0 04 | -2.0 
tr Output Rise/Fall Times Q ] 125 375 | 125 
tf (20% — 80%) 
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TECHNICAL DATA 


2:1 Multiplexer MC10EL58 
The MC10EL/100EL58 is a 2:1 multiplexer. The device is functionally MC1 OOELSS 


equivalent to the E158 device with higher performance capabilities. With 
propagation delays and output transition times significantly faster than 
the E158 the EL58 is ideally suited for those applications which require 
the ultimate in AC performance. 





e 230ps Propagation Delay 

e High Bandwidth Output Transitions 

e 75kQ Internal Input Pulldown Resistors 
e >1000V ESD Protection 


D SUFFIX 
PLASTIC SOIC PACKAGE 


LOGIC DIAGRAM AND PINOUT ASSIGNMENT CASE 751-04 


FUNCTION TABLE 


[st [ ome 
H 
L 


PIN ce 





Power Supply 10EL 
Current 100EL 


Power Supply 10EL 
Voltage 100EL 


Input HIGH Current FS 





AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = GND) 
res 


ae el 
Fain [ave [mex [ nin [ te [x | min [ We [wor | wn | 


tPLH Propagation Delay 
tPHL to Output DtoQ 220 110 | 220 | 330 120 } 230 | 340 | 140 | 250 | 360 

SEL to Q 250 140 | 250 | 360 150 } 260 | 370 | 170 | 280 | 390 
a ON Bd Ka a aad Kd dd a 
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TECHNICAL DATA 


Coaxial Cable Driver MC10EL89 


The MC10EL/100EL89 is a differential fanout gate specifically 
designed to drive coaxial cables. The device is especially useful in Digital 
Video Broadcasting applications; for this application, since the system is 
polarity free, each output can be used as an idependent driver. The driver 
boasts a gain of approximately 40 and produces output swings twice as 
large as a standard ECL output. When driving a coaxial cable, proper 
termination is required at both ends of the line to minimize signal loss. The 
1.6V output swings allow for termination at both ends of the cable, while 
maintaining the required 800mV swing at the receiving end of the cable. 
Because of the larger output swings, the device cannot be terminated into 
the standard —2.0V. All of the DC parameters are tested with a 50Q to 
—3.0V load. The driver accepts a standard differential ECL input and can 
run off of the Digital Video Broadcast standard —5.0V supply. 


¢ 375ps Propagation Delay 
e 1.6V Output Swings 
e 75kQ Internal Input Pulldown Resistors 


e >1000V ESD Protection D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-04 


LOGIC DIAGRAM AND PINOUT ASSIGNMENT 


PIN DESCRIPTION 


D Data Inputs 
Q0, Q1 Data Outputs 





DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = GND) 


[we [ocd Swe SC 
ee ee ae 
fcc [Powersippvcwen [es [s|epwels|s|els|s|~«|s |% | m 
Fon _[Suporch vase! [-az8 [110] 098 [a7 [105] 099 [1.19 | 102-090-106] 005 oar] v_ 
[vou _[Oupu ow vetege! |-o8e | 272 |-2s8 26s] -o70| eae | 26 [270] ess[ees[-eer[enr] v | 
[vee _[PoverSupnvveteos [75] [ss [as] [ss fare] _|ssfare] [s5[ v 

Prpurnicnouren [PL | | Le | | Lo [| Lo [oa | 


1 Von and VoL specified for 502 to -3.0V load. 
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MC10EL89 


AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = GND) 


ee 
characteristic [win | Te [Max | in | Typ | Mex | win | We | 
tPLH Propagation Delay to 340 250 40 440 | 310 | 400 | 490 
be ae bed oe 
ee 
eames boot T sof [|__| 
Woun [GonmenedeRange® |-04 | | Sec®|-o4 |__| See®|-0a | 
Output Saeo Times Q 330 205 330 205 
: aera | LT | S| | | 
1 Minimum input swing for which AC parameters are guaranteed. The device has a DC gain of =40. 


2 The CMR range is referenced to the most positive side of the differential input signal. Normal operation is obtained if the HIGH level falls within 
the specified range and the peak-to-peak voltage lies between Vppmin and 1V. The lower end of the CMR range is dependent on Veg and is 


equal to Veg + 3.0V. 













85°C 


ee Aa | 





_ 


2 





aed 
[set [oe | [oe 





DC BLOCKING CAPACITORS 


75Q 75Q. COAX 


75Q. 


75Q. 752 COAX 


75Q, 





Figure 1. EL89 Termination Configuration 
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TECHNICAL DATA 


Product Preview MCiOELT20 
TTL to Differential PECL MC1O0OELT20 


Translator 


The MC10ELT/100ELT20 is a TTL to differential PECL transtator. 
Because PECL (Positive ECL) levels are used only +5V and ground are 
required. The small outline 8-lead SOIC package and the single gate of 
the ELT20 makes it ideal for those applications where space, 
performance and low power are at a premium. Because the mature 
MOSAIC 1.5 process is used, low cost can be added to the list of 
features. 


The ELT20 is available in both ECL standards: the 10ELT is compatible 
with positive MECL 10H logic levels while the 100ELT is compatible with 
positive ECL 100K logic levels. 


e 1.5ns Typical Propagation Delay 
e Differential PECL Outputs 
e Small Outline SOIC Package D SUFFIX 


e PNP TTL Inputs for Minimal Loading PLASTIC SOIC PACKAGE 
¢ Flow Through Pinouts CASE 751-04 





LOGIC DIAGRAM AND PINOUT ASSIGNMENT 


PIN DESCRIPTION 


Diff PECL Outputs 


TTL Input 
+5.0V Supply 
Ground 





More information on this device may be available in the Motorola ECLinPS Lite Brochure — BR1330/D — available through Literature Distribution. 


This document contains information on a product under development Motorola reserves the right to change or discontinue this product without notice. 
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Product Preview MC10ELT21 
Differential PECL to TTL MCi00ELT21 
Translator 


The MC10ELT/100ELT21 is a differential PECL to TTL translator. 
Because PECL (Positive ECL) levels are used only +5V and ground are 
required. The small outline 8-lead SOIC package and the single gate of 
the ELT21 makes it ideal for those applications where space, 
performance and low power are at a premium. Because the mature 
MOSAIC 1.5 process is used, low cost can be added to the list of 
features. 


The Vpp output allows the ELT21 to also be used in a single-ended 
input mode. In this mode the Vpp output is tied to the IN input for a 
non-inverting buffer or the IN input for an inverting buffer. If used the VBaB 
pin should be bypassed to ground via a 0.01uF capacitor. 

The ELT21 is available in both ECL standards: the 10ELT is compatible 
with positive MECL 10H logic levels while the 100ELT is compatible with 
positive ECL 100K logic levels. 


D SUFFIX 
e 3.5ns Typical Propagation Delay PLASTIC SOIC PACKAGE 
e Differential PECL Inputs CASE 751-04 


e Small Outline SOIC Package 
e 24mA TTL Output 
e Flow Through Pinouts 





LOGIC DIAGRAM AND PINOUT ASSIGNMENT 


PIN DESCRIPTION 


TTL Output 

Diff PECL Inputs 
+5.0V Supply 
Reference Output 
Ground 






More information on this device may be available in the Motorola ECLinPS Lite Brochure — BR1330/D — available through Literature Distribution. 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice 
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Product Preview MC10ELT22 
Dual TTL to Differential MC100ELT22 


PECL Translator 


The MC10ELT/100ELT22 is a dual TTL to differential PECL translator. 
Because PECL (Positive ECL) levels are used only +5V and ground are 
required. The small outline 8-lead SOIC package and the low skew, dual 
gate design of the ELT22 makes it ideal for applications which require the 
translation of a clock and a data signal. Because the mature MOSAIC 1.5 
process is used, low cost can be added to the list of features. 

The ELT22 is available in both ECL standards: the 10ELT is compatible 
with positive MECL 10H logic levels while the 100ELT is compatible with 
positive ECL 100K logic levels. 
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<300ps Typical Output to Output Skew 
Differential PECL Outputs 

Small Outline SOIC Package D SUFFIX 


PNP TTL Inputs for Minimal Loading PLASTIC SOIC PACKAGE 
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Product Preview 
Dual Differential PECL to 
TTL Translator 


The MC100ELT23 is a dual differential PECL to TTL translator. 
Because PECL (Positive ECL) levels are used only +5V and ground are 
required. The small outline 8-lead SOIC package and the low skew, dual 
gate design of the ELT23 makes it ideal for applications which require the 
translation of a clock and a data signal. Because the mature MOSAIC 1.5 
process is used, low cost can be added to the list of features. 

The ELT23 is available in only the ECL 100K standard. Since there are 
no PECL outputs or an external Vpp reference, the ELT23 does not 
require both ECL standard versions. The PECL inputs are differential; 
there is no specified difference between the 10H and 100K standards. 
Therefore, the MC100ELT23 can accept any standard differential PECL 
input referenced from a Vcc of 5.0V. 


e 3.5ns Typical Propagation Delay 
e <500ps Typical Output to Output Skew D SUFFIX 

e Differential PECL Inputs Pepe coe oe 
¢ Small Outline SOIC Package 

e 24mA TTL Outputs 

e Flow Through Pinouts 





LOGIC DIAGRAM AND PINOUT ASSIGNMENT 


PIN DESCRIPTION 
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Diff PECL Inputs 
+5.0V Supply 
Ground 
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Product Preview MC10ELT24 
Dual TTL to Differential ECL MC100ELT24 


Translator 


The MC10ELT/100ELT24 is a TTL to differential ECL translator. 
Because ECL levels are used a +5V, -5.2V (or -4.5V) and ground are 
required. The small outline 8-lead SOIC package and the single gate of 
the ELT24 makes it ideal for those applications where space, 
performance and low power are at a premium. Because the mature 
MOSAIC 1.5 process is used, low cost can be added to the list of 
features. 


The ELT24 is available in both ECL standards: the 10ELT is compatible 
with MECL 10H logic levels while the 100ELT is compatible with ECL 
100K logic levels. 


e 1.5ns Typical Propagation Delay 
e Differential PECL Outputs 
e Small Outline SOIC Package D SUFFIX 


e Flow Through Pinouts CASE 751-04 


LOGIC DIAGRAM AND PINOUT ASSIGNMENT 





PIN DESCRIPTION 
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Negative Supply 
Ground 
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Product Preview MC1O0ELT25 
Dual Differential ECL to TTL MC100ELT25 


Translator 


The MC10ELT/100ELT25 i$ a differential ECL to TTL translator. 
Because ECL levels are used a +5V, -5.2V (or -4.5V) and ground are 
required. The smail outline 8-lead SOIC package and the single gate of 
the ELT25 makes it ideal for those applications where space, 
performance and low power are at a premium. Because the mature 
MOSAIC 1.5 process is used, low cost can be added to the list of 
features. 


The Vpp output allows the ELT25 to also be used in a single-ended 
input mode. In this mode the Vpg output is tied to the IN input for a 
non-inverting buffer or the IN input for an inverting buffer. If used the Vpp 
pin should be bypassed to ground via a 0.01uF capacitor. 

The ELT25 is available in both ECL standards: the 10ELT is compatible 
with MECL 10H logic levels while the 100ELT is compatible with ECL 
100K logic levels. 


D SUFFIX 
* 3.5ns Typical Propagation Delay PLASTIC SOIC PACKAGE 
Differential ECL Inputs CASE 751-04 
e Small Outline SOIC Package 
e 24mA TTL Outputs 
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Product Preview MCiOELT26 
1:2 Fanout Differential PECL MC100ELT26 


to TTL Translator 


The MC10ELT/100ELT26 is a 1:2 fanout differential PECL to TTL 
translator. Because PECL (Positive ECL) levels are used only +5V and 
ground are required. The small outline 8-lead SOIC package and the 1:2 
fanout design of the ELT23 makes it ideal for applications which require 
the low skew duplication of a signal in a tightly packed PC board. 
Because the mature MOSAIC 1.5 process is used, low cost can be added 
to the list of features. 


The Vpp output allows the ELT26 to also be used in a single-ended 
input mode. In this mode the Vpp output is tied to the IN input for a 
non-inverting buffer or the IN input for an inverting buffer. If used the VBB 
pin should be bypassed to ground via a 0.01yF capacitor. 

The ELT26 is available in both ECL standards: the 10ELT is compatible 
with positive MECL 10H logic levels while the 100ELT is compatible with 
positive ECL 100K logic levels. 


D SUFFIX 
® 3.5ns Typical Propagation Delay PLASTIC SOIC PACKAGE 


e <500ps Typical Output to Output Skew CASE 751-04 
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Product Preview MC10ELT28 
TTL to Differential PECL/ MC100ELT23 


Differential PECL to TTL 
Translator 





The MC10ELT/100ELT28 is a differential PECL to TTL translator anda 
TTL to differential PECL translator in a single package. Because PECL 
(Positive ECL) levels are used only +5V and ground are required. The 
small outline 8-lead SOIC package and the dual translation design of the 
ELT28 makes it ideal for applications which are sending and receiving 
signals across a backplane. Because the mature MOSAIC 1.5 process is 
used, low cost can be added to the list of features. 


The ELT28 ts available in both ECL standards: the 10ELT is compatible 
with positive MECL 10H logic levels while the 100ELT is compatible with 
positive ECL 100K logic levels. 


e 3.5ns Typical PECL to TTL Propagation Delay 
e 1.5ns Typical TTL to PECL Propagation Delay D SUFFIX 

e Differential PECL Inputs/Ouputs PLASTIC SOIC PACKAGE 
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e 24mA TTL Outputs 

e Flow Through Pinouts 
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SECTION 1 
System Basics 


Power Supply Considerations 


The following text gives a brief description of the 
requirements and recommendations for treatment of power 
supplies in an ECLinPS system design. A more thorough 
narration on the general subject of power supplies can be 
found in the Motorola System Design Handbook. 


Vcc Supply 

As with all previous ECL families the ECLinPS logic family 
is designed to operate with negative power supplies; in other 
words with Vcc connected to ground. However, ECLinPS 
circuits will work fine with positive power supplies as long as 
special care has been taken to ensure a stable, quiet Vcc 
supply. For more detailed information about using positive 
supplies and ECL, designers are encouraged to refer to 
Application Note AN1406 on page 4-56. The output voltage 
levels for a positive supply system can be determined by 
simply subtracting the absolute value of the standard 
negative output levels from the desired Vcc. 


To provide as small an AC impedance as possible, and 
minimize power bus IR drops, the Vcc supply should have a 
dedicated power plane. By providing a full ground plane in 
the system the designer ensures that the current return path 
for the signal traveling down a transmission line does not 
encounter any major obstructions. It is imperative that the 
noise and voltage drops be as small as possible on the Vcc 
plane as the internal switching references and output levels 
are all derived off of the Vcc power rail. Thus, any 
perturbations on this rail could adversely affect the noise 
margins of a system. 


VEE Supply 

To take advantage of increased logic density and 
temperature compensated outputs, many designers are 
building array options with both, temperature compensated 
output levels and a —5.2V VEE supply. To alleviate any 
problems with interfacing these arrays to ECLinPS 100E 
devices, Motorola has specified the operation of 100E 
devices to include the standard 10H VEE voltage range. 
Moreover, because of the superior voltage compensation of 
the bias network, this guarantee comes without any changes 
in the DC or AC specification limits. With the availability of 
both 10H and 100K compatible devices in the ECLinPS 
family, there is generally no need to run 10E devices at 100K 
voltage levels. If, however, this is desired, the 10E devices 
will function at 100E Veg levels with, at worst, a small 
degradation in AC performance for a few devices due to soft 
saturation of the current source device. 

Although both the 10E and 100E devices can tolerate 
variations in the VEE supply without any detrimental effects, it 
is recommended that the VEE supply also have a dedicated 
powerplane. If this is not a feasible constraint, care should be 


taken so that the IR drops of the VEE bus do not create a VEE 
voltage outside of the specification range. To provide the 
switching currents resulting from stray capacitances and 
asymmetric loading, the VEE power supply in an ECL system 
needs to be bypassed. It is recommended that the VEE 
supply be bypassed at each device with an RF quality 0.01pF 
capacitor to ground. In addition, the supply should also be 
bypassed to ground with a 1.0uF —10uF capacitor at the 
power inputs to a board. If a separate output termination 
plane is used the VEE supply will be of a static nature as the 
output switching current will return to ground via the VT 
supply, thus, the bypassing of every device may be on the 
conservative side. If the design is going to include a liberal 
use of serial or Thevenin equivalent termination schemes, a 
properly bypassed VEE plane is essential. 


VTT Supply 

The output edge rates of the ECLinPS family necessitate 
an almost exclusive use of controlled impedance 
transmission lines for system interconnect (the details of this 
claim will be discussed in a latter section). Thus, unless 
Thevenin equivalent termination schemes are going to be 
used, a VTT supply is a must in ECLinPS designs. The choice 
of using only Thevenin equivalent termination schemes to 
save a power supply should not be made lightly as the 
Thevenin scheme consumes up to ten times more power 
than the equivalent parallel termination to a —2.0V VTT7 
supply. 

As was the case for the Vege supply, a dedicated power 
plane, liberally bypassed as described above, should be 
used for the Vr7 supply. In designs which rely heavily on 
parallel termination schemes the VTT supply will be 
responsible for returning the switching current of the outputs 
to ground, therefore, a low AC impedance is a must. For 
bypassing, many SIP resistor packs have bypass capacitors 
integrated in their design to supply the necessary bypassing 
of the supply. The use of SIP resistors will be discussed more 
thoroughly in a later chapter. 


Handling of Unused Inputs and Outputs 


Unused Inputs 


All ECLinPS devices have internal 50kQ — 75kQ pulldown 
resistors connected to VEE. As a result, an input which is left 
open will be pulled to VEE and, thus, set at a logic LOW. 
These internal pulldowns provide more than enough noise 
margin to keep the input from turning on if noise is coupled to 
the input, therefore, there is no need to tie the inputs to VEE 
external to the package. In addition, by shorting the inputs to 
VEE external to the package, one removes the current limiting 
effect of the pulldown resistor and, under extreme VEE 
conditions, the input transistor could be permanently 
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damaged. If there are concerns about leaving sensitive 
inputs, such as clocks, open, they should be tied low via an 
unused output or a quiet connection to VTT. 


Unless otherwise noted on the data sheets, the outputs to 
differential input devices will go to a defined state when the 
inputs are left open. This is accomplished via an internal 
clamp. Note that this clamp will only take over if the voltage at 
the inputs fall below = — 2.5V. Therefore, if equal voltages of 
greater than — 2.5V are placed on the inputs, the outputs will 
attain an undefined midswing state. 


Unlike saturating logic families, the inputs to an ECLinPS, 
or any ECL device, cannot be tied directly to Vcc to 
implement a logic HIGH level. Tying inputs to Vcc will 
saturate the input transistor and the AC and DC performance 
will be seriously impaired. A logic HIGH on an ECLinPS input 
should be tied to a level no higher than 600mV below the Vcc 
rail and, more typically, no higher than the specified Vjymax 
fimit. A resistor or diode tree can be used to generate a logic 
HIGH level or, more commonly, an output of an unused gate 
can be used. 


Unused Outputs 


The handling of unused outputs is guided by two criteria: 
power dissipation and noise generation. For single ended 
output devices it is highly recommended to leave unused 
outputs unterminated as there are no benefits in the 
alternative scheme. This not only saves the power 
associated with the output, but also reduces the noise on the 
VCC line by reducing the current being switched through the 
inductance of the Vcc pins. For the counters and shift 
registers of the family, the count and shift frequencies will be 
maximized if the parallel outputs are left unterminated. Of 
course, for applications where these parallel outputs are 
needed this is not a viable alternative. 


For the differential outputs, on the other hand, things are a 
little less cut and dry. If either of the outputs of a 
complimentary output pair is being used, both outputs of the 
pair should be terminated. This termination scheme 
minimizes the current being switched through the Vcc pin 
and, thus, minimizes the noise generated on Vcc. If, 
however, neither of the outputs of a complimentary pair are 
being used it makes most sense to leave these unterminated 
to save power. Note that the E111 device has special 
termination rules; these rules are outlined on the data sheet 
for the device. 


Minimizing Simultaneous Switching Noise 


A common occurrence among ECL families is the 
generation of crosstalk and other noise phenomena during 
simultaneous switching situations. Although the noise 
generated in ECL systems is minor compared to other 
technologies, there are methods to even further minimize the 
problem. 


Figure 1.1 below illustrates the two output scenarios of an 
ECL device: differential outputs and single-ended outputs. 
During switching, the current in the output device will change 
by =17mA when loaded in the normal 50Q to — 2.0V load. 
With differential outputs, as one output switches from a low to 
a high state the other switches from a high to a low state 
simultaneously, thus, the resultant current change through 
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the VccCo connection is zero. The current simply switches 
between the two outputs. However, for the single-ended 
output, the current change flows through the Vcco 
connection of the output device. This current change through 
the VCco pin of the package causes a voltage spike due to 
the inductance of the pin. 


Vcc VCco 


CURRENT 


| OUTPUT 
FLOW 








OUT 
VBB 


SINGLE-ENDED OUTPUT 


VEE 
Voc Vcco 


OUTPUT 


CURRENT 


VEE 


Figure 1.1. ECL Output Structures 


Traditionally, manufacturers of ECL products have 
attempted to combat this problem by providing a separate 
Vcc pin for the output device (Vcco, VCCA etc.) and the 
internal circuitry. By doing this the noise generated on the 
Vcco of the output devices would see a high impedance 
internal to the chip and not couple onto the the Vcc line which 
controls the output and internal bias levels. Unfortunately, in 
practice the noise generated on the VCCo would couple into 
the chip Vcc through the collector base capacitance of the 
output device, thus, a large portion of the noise seen on the 
VCCO line would also be seen on the Vcc line. 


For the ECLinPS family and its associated edge speeds, it 
was decided that multiple VCco pins would be necessary to 
minimize the inductance and the associated noise 
generation. A design rule was established so that there 
would be no more than three single-ended outputs per VCCO 
pin. Initially, the Vcc and Vcco pins were kept isolated from 
one another. However, it was discovered that in certain 
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applications the parasitics of the package and the output 
device would combine to produce an instability which 
resulted in the outputs going into an oscillatory state. To 
alleviate this oscillation problem, it was necessary to make 
the Vcc and VCco metal common internal to the package. 
Subsequent evaluation showed that because of the liberal 
use of VCco pins, the noise generated is equa! to or less than 
that of previous ECL families. 


To further reduce the noise generated there are some 
things that can be done at the system level. As mentioned 
above, there should be adequate bypassing of the Vcc line 
and the guidelines for the handling of unused outputs should 
be followed. In addition, for wide single-ended output 
devices, an increase in the characteristic impedance of the 
transmission line interconnect will result in a smaller time rate 
of change of current; thus, reducing the voltage glitch caused 
by the inductance of the package. This noise improvement 
should, of course, be weighed against the potential slowing of 
the higher impedance trace to optimize the performance of 
the entire system. In addition, the connection between the 
device Vcc pins and the ground plane should be as small as 
possible to minimize the inductance of the Vcc line. Note that 
a device mounted in a socket will exhibit a larger amount of 
VCC noise due to the added inductance of the socket pins. 


Effects of Capacitive Loads 


The issue of AC parametric shifts with load capacitance is 
a common concern especially with designers coming from 
the TTL and CMOS worlds. For ECLinPS type edge speeds, 
wire interconnect starts acting like transmission lines for 
lengths greater than 1/2”. Therefore, for the majority of cases 
in ECLinPS designs, the load on an output is seen by the 
transmission line and not the output of the driving device. The 
effects of load capacitance on transmission lines will be 
discussed in detail in the next section. 


If the load is close to the driving output (<1/2”), the 
resulting degradation will be 15-25ps/pF for both 
propagation delays and edge rates. In general, a capacitive 
load on an emitter follower has a greater impact on the falling 
edge than the rising edge. Therefore, the upper end of the 
range given above represents the effect on fall ttmes and the 
associated propagation delays, while the lower end 
represents the effect on the rising output parameters. 


For ECLinPS devices, the capacitive load produced by an 
input ranges from 1.2pF to 2.0pF. The majority (95%) of this 
capacitance is contributed by the package with very little 
added by the internal input circuitry. For this reason the range 
is generally a result of the difference between a corner anda 
center pin for the PLCC package. A good typical capacitance 
value for a center pin is 1.4pf and for a corner pin 1.7pf. The 
capacitances for the other pins can be deduced through a 
linear interpolation. 


Wired-OR Connections 


The use of wired-OR connections in ECL designs is a 
popular way to reduce total part count and optimize the 
speed performance of a system. The limitation of OR-tying 
ECL outputs has always been a combination of increased 


delay per OR-tie and the negative going disturbance seen at 
the output when one output switches from a high to a low 
while the rest of the outputs remain high. For high speed 
devices the latter problem is the primary limitation due to the 
increased sensitivity to this phenomena with decreasing 
output transition times. The following paragraph will attempt 
to describe the wire-OR glitch phenomena from a physical 
perspective. 


Figure 1.2 illustrates a typical wire-OR situation. For 
simplicity, the discussion will! deal with only two outputs; 
however, the argument could easily be expanded to include 
any number of outputs. If both the A and the B outputs startin 
the high state they will both supply equal amounts of current 
to the load. If the B output then transitions from a high to a low 
the line at the emitter of B will see a sudden decrease in the 
line voltage. This negative going transition on the line will 
continue downward at the natural fall time of the output until 
the A output responds to the voltage change and supplies the 
needed current to the load. This lag in the time it takes for A to 
correct the load current and return the line to a quiescent high 
level is comprised of three elements: the natural response 
time of the A output, the delay associated with the trace 
length between the two outputs and the time it takes for a 
signal to propagate through the package. The trace delay 
can be effectively forced to zero by OR-tying adjacent pins. 
The resulting situation can then be considered “best case”. In 
this best case situation, if the delay through the package is 
not a significant portion of the transition time of the output, the 
resulting negative going glitch will be relatively small 
(=100mV). A disturbance of this size will not propagate 
through a system. As the trace length between OR-tied 
outputs increases, the magnitude of the negative going 
disturbance will increase. Older ECL families specified the 
maximum delay allowed between OR-tied outputs to prevent 
the creation of a glitch which would propagate through a 
system. 


As this glitch phenomena is a physical limitation, due to 
decreased edge rates, ECLinPS devices are susceptible to 
the problem to an even greater degree than previous slower 
ECL families. The package delay of even the 28-lead PLCC 





Figure 1.2. Typical Wire-OR Configuration 


is a significant portion of the transition times for an ECLinPS 
device. Therefore, even in the best case situation described 
above, one can expect an =200mV glitch on the OR-tled line. 
A glitch of this magnitude will not propagate through the 
system but it is significantly worse than the best case 
situation of earlier ECL families. In fact, as long as the 
distance between OR-tied outputs is kept to less than 1/2” 
the resulting line disturbance will not be sufficient to 
propagate through most systems. 
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With this in mind, the following recommendations are 
offered for OR-tying in ECLinPS designs. First, OR-tying of 
clock lines should be avoided as even in the best case 
situation the disturbance on the line is significant and could 
cause false clocking in some situations. In addition, wire 
ORed outputs should be from the same package and 
preferably should be adjacent pins. Non-adjacent outputs 
should be within 1/2” of each other with the load resistor 
connection situated near the midpoint of the trace (Figure 
1.2). By following these guidelines, the practice of 
wire-ORing ECL outputs can be expanded to the ECLinPS 
family without encountering problems in the system. 


A detailed discussion of wire-OR connections in the 
ECLinPS world of performance is beyond the scope of this 
text. For this reason a separate application note has been 
written which deals with this situation in a much more 
thorough manner. Anyone planning to use wire-OR 
connections in their ECLinPS design is encouraged to 
contact a Motorola representative to obtain this application 
note. 


Clock Distribution 


Clock skew Is a major contributor to the upper limit of 
operation of a high speed system; therefore, any reduction in 
this parameter will enhance the overall performance of a 
system. Through the ECLinPS family and new offerings in the 
10H family, Motorola ts providing devices uniquely designed 
to meet the demands of low skew clock distribution. 


By far the largest contributor to system skew is the 
variation between different process lots of a given device. 
This variation is what defines the total delay window specified 
in the data sheets. This window can be minimized if the 
devices are fully differential due to the output level defined 
thresholds which ensure a “centered” input swing. The 
propagation delay windows of single-ended ECL and other 
logic technologies, are intimately tied to variations in the input 
thresholds. As illustrated in Figure 1.3 although the delays, 
when measured from the threshold of the input to the 50% 
point of the output, are equal; when measured from the 
specified 50% point of the input to the 50% point of the 
output, the delays will vary with any shift in the switching 
reference. Obviously, the magnitude of the delay difference is 
also proportional to the edge rate of the input. In addition to 
increasing the size of the delay windows, this reference shift 
will cause the duty cycle of the output of a device to be 
different than that of the input. Unfortunately, these 
thresholds are perhaps the most difficult aspects of a logic 
device to control. As a result, for the ultimate in low skew 
performance differential ECL devices are a must. A quick 
perusal of the ECLinPS databook will reveal a relatively large 
number of totally differential devices which will lend 
themselves nicely to very low skew applications such as 
clock distribution. 


System Basics 











Vppmax 
Vepnom 
Vepmin 


Tppnom 


50% 
OUTPUT 


Figure 1.3. Delay vs Switching Reference Offset 


In addition to these generic differential devices there are 
several devices which were designed exclusively for clock 
distribution systems. With past ECL families designers were 
forced to build clock distribution trees with devices which 
were compromises at best. The ECLinPS family, however, 
was built around the E111 clock distribution chip; a fully 
differential 1:9 fanout device which boasts within part skews 
as well as part- to-part skews unequaled in today’s market. 


Additionally, to further deskew clock lines the E195 
programmable delay chip is available. Although static delay 
lines can remove built-in path length difference skew, they 
cannot compensate for variations in the delays of the devices 
in the clock path. The E195 allows the user to delay, a signal 
over a 2ns range in ~20ps steps. Through the use of this 
device, the designer can match skews between clocks to 
20ps. 

Although these two devices satisfy the needs for many 
ECL designers, they do overlook the needs of a special 
subset; the designer who mixes ECL and TTL technologies. 
When translating between ECL and TTL, much of the skew 
performance gained through the E111 is lost when passed 
through the translator and distributed in TTL. To solve this 
problem, a new set of translators has been introduced in the 
MECL 10H family. The H641 and H643 receive a differential 
ECL input and fan out nine TTL outputs with a guaranteed 
unparalleled skew between the TTL outputs. The H640 and 
H642 take differential ECL inputs and generate low skew TTL 
outputs which are ideal for driving clocks in 68030 and 68040 
microprocessor systems. By using the ECL aspects of the 
E111 to distribute clock lines across the backplane to TTL 
cards and receiving and translating these signals with the 
H640, H641, H642 or H643, a TTL clock distribution tree can 
be designed with a performance level unheard of with past 
logic families. 
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System Basics 


Through the development of a library of differential 
devices, specialized low-skew distribution chips and 
high-resolution programmable delay chips, Motorola has 
serviced the need for low-skew clock distribution designs. 
These offerings open the door for even higher performance 
next generation machines. For more information on clock 
distribution, designers are encouraged to read Application 
Note AN1405 on page 4-49. 


Metastability Behavior 


The metastability behavior and measurement of a flip-flop 
is a complicated subject and necessitates much more time 
than is available in this forum for a thorough explanation. As a 
result, the following description is of an overview nature. 
Anyone interested in a more thorough narration on the 
subject is encouraged to read Application Note AN1504 on 
page 4-75, which contains a more detailed discussion on the 
subject. 

In many designs, occasions arise where an asynchronous 
signal needs to be synchronized to the system clock. 






SYSTEM 1 
SYSTEM 1 



















SYSTEM1 _JUL OUTPUT 
CLOCK 
SYSTEM2 LPL 
CLOCK 
SYSTEM 1 
SYSTEM 1 
SYSTEM 1 OUTPUT 
CLOCK 
SYSTEM2 _rLM_ 
CLOCK 


DATA 
D-FLIP-FLOP 


Generally, this task is accomplished with the use of a single 
or series of D flip-flops as pictured in Figure 1.4. Because the 
data signal and the clock signal are asynchronous, the 
system designer cannot guarantee that the setup and hold 
specifications for the device will be met. This in and of itself 
would not cause a problem if it was not for the metastable 
behavior of a D flip-flop. The metastable behavior of a flip-flop 
is described by the outputs of a device attaining a nondefined 
logic level or, perhaps, going into an oscillatory state when 
the data and the clock inputs to the flip-flop switch 
simultaneously. It has been shown that this metastable 
behavior occurs across technology boundaries as well as 
across performance levels within a technology. 


For ECL the characteristic of a flip-flop in a metastable 
state is a device whose outputs are in a non-defined state 
near the midpoint of a normal output swing. The output will 
return randomly to one of the two defined states some time 
later (Figure 1.5). The two parameters of importance when 
discussing metastability are the metastablity window; the 
window in time for which a transition on both the data and the 
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Figure 1.4. Clock Synchronization Schemes 
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Figure 1.5. Metastable Behavior of an ECL Flip Flop 


clock will cause a metastable output, and the settling time; 
the time it takes for a metastable output to return to a defined 
state. For the single flip-flop design of Figure 1.3, the data 
being fed into system 2 will be in an undefined state and, 
thus, unusable if the synchronizing flip-flop enters a 
metastable state. Because of this, a more popular design 
incorporates multiple flip-flop chains with cascading data 
inputs and clock inputs which are delayed with respect to 
each other. This redundancy of flip- flops helps to reduce the 
probability that the data entering system 2 will be at an 
undefined level which could wreak havoc on the logic of that 
system. This reduction in probability relies on the fact that 
even if the preceding flip-flop goes metastable, it will settle to 
a defined state prior to the clocking of the following flip-flop. 
Obviously, once the first flip-flop goes metastable there is an 
even chance that it will settle in the wrong state and, thus, 
information will be lost. However, there are error detection 
and correction methods to circumvent this problem. The 
larger the flip-flop chain the lower the probability of 
metastable data being fed into system 2. 


Unfortunately for ECLinPS, levels of performance, both 
the window width and the settling time, are difficult or 
impossible to measure directly. The metastable window for 
an ECLinPS flip-flop is assuredly less than 5.0ps and most 
likely less than 1.0ps based on SPICE level simulation 
results. In either case, with today’s measuring equipment, it 
would be impossible to measure this window width directly. 
Although it is feasible to measure the settling time for a given 
occurrence, this parameter is not fixed but, rather, is of a 
variable length which makes it impossible to provide an 
absolute guarantee. 


System Basics 


The challenge then becomes, how to characterize 
metastability behavior given the above circumstances. The 
standard method in the industry is to use Stoll’s! equation, 
combined with the standard MTBF equation, to develop the 
following relationship: 


MTBF = 1 / (2"fc*fp*Tp*10 — (tt) 


where: fc: Clock Frequency 
fp: Data Frequency 
Tp: FF Propagation Delay 
t: Time Delay Between FF 
Clocks 
ti FF Resolution Time 
Constant 


Note that the clock frequency, data frequency and time 
delay between flip-flops are user-defined parameters, thus it 
is up to Motorola to provide only the propagation delays and 
the resolution time constants for the ECLinPS flip-flops. 


The propagation delays are, obviously, already defined 
leaving only the resolution time constant yet to be 
determined. An evaluation fixture was fabricated and several 
ECLinPS flip-flops were evaluated for resolution time 
constants.The results of the evaluation showed that the time 
constant was somewhat dependent on the part type as all the 
flip-flops in the ECLinPS family do not use the same general 
design. The time constants range from 125-225 ps 
depending on the part type. 

As an example, for a system with a 100MHz clock and 
75MHz data rate, the required delay between clock edges of 
a cascaded flip-flop chain for the E151 register, assuming at 
of 200ps, would be: 


MTBF = 1 / (2*100MHz*75MHz*800ps*10 — t/200ps) 


solving for an MTBF of 10 years yields: 
t=3.ins, therefore: 


Tp =At+ Tp =3.9ns 


So, for an MTBF of 10 years for the above situation the 
second flip-flop should be elocked 3.9ns after the first. Similar 
results can be found by applying the equation to different 
data and clock rates as well as different acceptable MTBF 
rates. 


1 Stoll, P. “How to Avoid Synchronization Problems,” 
VLSI Design, November/December 1982. pp. 56-59. 
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SECTION 2 
Transmission Line Theory 


Introduction 


The ECLinPS family has pushed the world of ECL into the 
realm of picoseconds. When output transitions move into this 
picosecond region it becomes necessary to analyze system 
interconnects to determine if transmission line phenomena 
will occur. A handy rule of thumb to determine if an 
interconnect trace should be considered a transmission line 
is if the interconnect delay is greater than 1/8th of the signal 
transition time, it should be considered a transmission line 
and afforded all of the attention required by a transmission 
line. If this rule is applied to the ECLinPS product line a 
typical PCB trace will attain transmission line behaviors for 
any length >1/4”. Thus, a brief overview of transmission line 
theory is presented, including a discussion of distributed and 
lumped capacitance effects on transmission lines. For a 
more thorough discussion of transmission lines the reader is 
referred to Motorola’s MECL Systems Design Handbook. 


Background 


Exact transmission line analysis can be both tedious and 
time consuming; therefore, assumptions for simplifying these 
types of calculations must be made. A reasonable 
assumption is that interconnect losses caused by factors 
such as bandwidth limitations, attenuation, and distortion are 
negligible for a typical PCB trace. The basis for this 
assumption is that losses due to the interconnect conductor 
are only a fraction of the total losses in the entire interface 
scheme. In addition, the conductivity of insulating material is 
very small; as a result, the dielectric losses are minimal. A 
second, and more fundamental, assumption is that 
transmission line behavior can be described by two 
parameters: line characteristic impedance (ZQ), and 
propagation delay (Tpp) 


Characteristic Impedance 


An interconnect which consists of two conductors and a 
dielectric, characterized by distributed series resistances and 
inductances along with distributed parallel capacitances 
between them, is defined as a transmission line. These 
transmission lines exhibit a characteristic impedance over 
any length for which the distributed parameters are constant. 
Since the contribution of the distributed series resistance to 
the overall impedance is minimal, this term can be neglected 
when expressing the characteristic impedance of a line. The 
characteristic impedance is a dynamic quantity defined as 
the ratio of the transient voltage to the transient current 
passing through a point on the line. Thus, ZO can be 
expressed in terms of the distributed inductance and 
capacitance of the line as shown by Equation 1. 


ZQ=V/l=V(LO/Co) (Equation 1) 


where: 


Lo = Inductance per unit length (H) 
Co = Capacitance per unit length (F) 


Propagation Delay 
Propagation delay (Tpp) is also expressed as a function of 
both the inductance and capacitance per unit length of a 
transmission line. The propagation delay of the line is defined 
by the following equation: 
Tpp=v(Lo*Co) (Equation 2) 
If Lo is expressed as microHenry’s per unit length and 
capacitance as picoFarad’s per unit length, the units for delay 
are nanoseconds per unit length. The propagation velocity is 
defined as the reciprocal of the propagation delay: 


v=1/Tpp=1/V(Lo*Co) 


Lo and Co can be determined using the easily measured 
parameters of line delay (Tp), line length (L), and the line 
characteristic impedance (Zo) in conjunction with Equations 
1 and 2. The propagation delay is defined as the ratio of line 
delay to line length: 


Tpp=Tp/L 


Combining equations 1 and 2 yields: 


Co=Tpp/Zo 
Lo=Tpp*Zo 


(Equation 3) 
(Equation 4) 


Termination and Reflection Theory 


Figure 2.1 shows an ECLinPS gate driving a lossless 
transmission line of characteristic impedance Zo, and 
terminated with resistance RT. Modifying the circuit of Figure 
2.1 such that the driving gate is represented by its equivalent 
circuit gives the configuration shown in Figure 2.2. 


For a positive step function Vij, a voltage step Vs, travels 
down the transmission line. The initial current in the 
transmission line is determined by the ratio Vs/Zo. When the 
traveling wave arrives at the termination resistor Rt, Ohm’s 


Zo 
NODE ‘a’ 


Ro = 62 RE 


Figure 2.1. Typical Transmission Line 
Driving Scenario 
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Law must be maintained. If the line characteristic impedance 
and the termination resistance match (i.e. ZO=RT),the 
traveling wave does not encounter a discontinuity at the 
line-load interface; thus, the total voltage across the 
termination resistance is the incident voltage Vs. However, if 
mismatches between the line characteristic impedance and 
the termination resistance occur, a reflected wave must be 
set up to ensure Ohm’s Law is obeyed at the line-load 
interface. In addition, the reflected wave may also encounter 
a discontinuity at the interface between the transmission line 
and the source resistance, thereby sending a re-reflected 
wave back towards the load. When neither the source nor the 
load impedance match the line characteristic impedance 
multiple reflections occur with the reflected signals being 
attenuated with each passage over the transmission line. 
The output response of this configuration appears as a 
damped oscillation, asymptotically approaching the steady 
state value, a phenomenon often referred to as ringing. 


Vg, Is 
—_— 
IR 
Rs Zo — 
NODE “a” 
~—R 


VIN 


Figure 2.2. Thevenin Equivalent Circuit of Figure 2.1 


In performing transmission line analysis, designers may 
encounter one of three impedance situations: 


1.Rg <Zo; RT #ZO 
2.Rs<Zo; RT=Zo 
3. Rg = Zo; RT # ZO 


where: 
Rs = Source Resistance 
RT = Termination Resistance 


Case 1:Rs <Z09; Rr #Zo 

The initial current in the transmission line is determined by 
the ratio Vs/ZoO. However, the final steady state current is 
determined by the ratio Vs/RT; assuming ohmic losses in the 
transmission line are negligible. For case 1, an impedance 
discontinuity exists at the line-load interface which causes a 
reflected voltage and current to be generated at the instant 
the initial signal arrives at this interface. To determine the 
fraction of the traveling wave that will be reflected from the 
line-load interface, Kirchoff’s current law is applied to node 
“a” in Figure 2.2. This results in the following: 


IT = Is + 1R where: 


IT = VT/RT 


Transmission Line Theory 


Ig = Vs/Zo 
IR =-VR/Zo 


Using substitution: 


VT/RT = Vs/Zo - VR/ZoO (Equation 5) 


Since only one voltage can exist at node “a” at any instant in 
time: 


VT=Vs+VR (Equation 6) 


Combining Equations 5 and 6, and solving for VR yields: 
(Vs + VR\Y/RT = Vs/Zo —- VR/ZO 
VR = ((RT-Zo)(RT+Z0))"VS 


VRVs = PL = (RT-ZO)(RT+Z0) (Equation 7) 


Therefore: 
VR=PL*VS 


The term P, referred to as the load reflection coefficient, 
represents the fraction of the voltage wave arriving at the 
lineload interface that is reflected back toward the source. 


Similarly, a source reflection coefficient can be derived as: 


Ps = (RS-Zo)/(Rst+Zo) (Equation 8) 


From equations 7 and 8 it is apparent that multiple 
reflections will occur when neither the source nor the load 
impedances match the characteristic impedance of the line. 
A general equation for the total line voltage as a function of 
time and distance is expressed by Equation 9. 


V(x,t) Va(t)*[U(t-Tpp*x) + PL*U(t-Tpp(2L—x) + 
Py *Ps*U(t-Tpp(2L+x)) + 
(PL**2)*(Ps*U(t-Tpp(4L—x)) + 
(PL“"2)*Ps**2)*U(t-Tpp(4L+x)) + ...] + 
Vpc (Equation 9) 
where: 
VA = Voltage Entering the Transmission Line 


Tpp = Propagation Delay of the Line 

L = Total Line Length 

x = Distance to an Arbitrary Point on the Line 
Voc = Initial Quiescent Voltage of the Line 


Finally, the output voltage, VT can be derived from the 
reflection coefficient by combining Equations 6 and 7: 


VT=(1+(RT-ZO)ART+Z0))" VS 
VT=(2"RT/(RT+Z0))*VS 


The two possible configurations for the Case 1 conditions 
are RT > Zo and RT < Zo. The following paragraphs will 
describe these two conditions in detail. 
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Transmission Line Theory 


Configuration 1: Rt > Zo 


For the case in which RT > Zo, PL is positive, and the initial 
current at node “a” is greater than the final quiescent current: 


INITIAL > !FINAL 


Hence: 
Vs/Z0)>(Vs/RT) 


Thus, a reflected current, IR, must flow toward the source in 
order to attain the final steady state current as shown in 
Figure 2.3. 


An example of a line mismatched at both ends, with the 
termination resistance greater than the load resistance is 
shown 


V; 
Is tly 


LINE VOLTAGE 


VT 


L DISTANCE 


Figure 2.3. Reflected Voltage Wave for Rt > Zo 


in Figure 2.4. The initial steady state output voltage is given 
by: 


VT] = (65/71) (-1.75) = —1.60V 


The final steady state output voltage is given by: 
Rg = Rg = 6Q Zo = 502 
VT 


VIN Ry = 652 


Figure 2.4. Transmission Line Model! for Rt > Zo 
VTF = (65/71)"(- 0.9) = — 0.82V 


The input voltage is a ramp from —1.75V to — 0.9V. The initial 
voltage traveling down the line is: 


Vg = (50/56)*0.85 = 0.76V 


From Equations 7 and 8: 


PL = (RT - Zo)(RT+Zo) = (65 — 50)/(65+50) = 0.13 


Ps = (Rg — Z9)/(Rg+Zg) = (6 — 50)/(6+50) = - 0.79 


From Equation 9, the output voltage VT after one line delay is: 


VT(L,Tpp) = Va(t)"[1 + PL] + Voc =- 0.71V 


Likewise, after a time equal to three times the line delay, the 
output voltage VT is 


VT(L,3Tpp) = Vat) [PL"Ps + PL “2°P sg] + VT(L,Tpp) = 
~0.83V 


Additional iterations of Equation 9 can be performed to show 
that the ringing asymptotically approaches the final fine 
voltage of — 0.82V. Ringing is a characteristic response for 
transmission lines mismatched at both ends with Rt > Ro. A 
SPICE representation of configuration 1 is illustrated in 
Figure 2.5. 


OUTPUT VOLTAGE-VT 





TIME H=1000ps/div 
V=200mV/div 


Figure 2.5. SPICE Results for Circuit of Figure 2.4 


Configuration 2: RT < Zo 


For the case in which RT<Zo, PL is negative, and the initial 
current at node “a” is less than the final quiescent current. 


INITIAL < |FINAL 


Hence: 
(Vs/Zo) < (Vs/RT) 


The reflected current, IR, flows in the same direction as the 
initial source current in order to attain the final steady state 
current. The unique characteristic of configuration 2 is the 
negative reflection coefficient at both the source and load 
ends of the transmission line (Figure 2.6). Thus, signals 
approaching either end of the line are reflected with opposite 
polarity. In addition, the line voltage is a function of the pulse 
duration yielding steps of decreasing magnitude for input 
pulse durations greater than the line delay, and a series of 
attenuated pulses for input pulse durations less than the line 
delay. 
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LINE VOLTAGE 





L DISTANCE 


Figure 2.6. Reflected Voltage Wave for RT <Zo 


An example of a line mismatched at both ends, with the 
termination resistance less than the line resistance, and the 
input pulse width greater than the line delay is shown in 
Figure 2.7. 


The initial steady state output voltage is defined as: 


V7 = (35/41)"(-1.75) = -1.49V 


The final steady state output voltage is given by 


Rs = Rg = 62 Zo = 502 


VT 


VIN Rr = 350 


Figure 2.7. Transmission Line Model for RT < Zo 


VTF = (35/41)*(- 0.9) = - 0.77V 


For an input pulse from -1.75V to —0.9V the initial voltage 
traveling down the line is: 


Vg = (50/56)"0.85 = 0.76V 
From Equations 7 and 8, 
PL = (35 — 50)/(35+50) = -— 0.18 
Ps = (6 — 50)/(6+50) = - 0.79 
From Equation 9, the output voltage VT after one line delay is: 
VT(L.Tpp) = Va(t)"[1 + PL] + Vpc = — 0.87V 


Likewise, after a time equal to three times the line delay, the 
output voltage VT ts: 


VT(L.STPp)=VAlt) [PL“PL+PL™”2°Ps]+VT(L,TPD)= 
-0.78V 


Additional iterations of Equation 9 can be performed to show 
that the output response asymptotically approaches — 0.77 


Transmission Line Theory 


volts. Stair-steps are characteristic responses for 
transmission lines mismatched at both ends with RT < Zo, 
and a pulse width greater than the line delay. Figure 2.8 
shows the results of a SPICE simulation for the case 
described by configuration 2. 


OUTPUT VOLTAGE-V T 





TIME H=1000ps/div 
V=200mV/div 


Figure 2.8. SPICE Results for Circuit of Figure 2.7 
with Input Pulse Width > Line Delay 


Figure 2.9 shows the line response for the same circuit as 
above, but for the case in which the input pulse width is less 
than the line delay. As in the previous example, the initial 
steady state voltage across the transmission line is —1.49 
volts, and the reflection coefficients are — 0.18 and — 0.79 for 
the load and source respectively. However, the intermediate 
voltage across the transmission line is a series of 
positive-going pulses of decreasing amplitude for each round 


OUTPUT VOLTAGE-V T 


TIME H=1000ps/div 
V=200mV/div 


Figure 2.9. SPICE Results for Circuit of Figure 2.7 
with Input Pulse < Line Delay 


trip of the reflected voltage, until the final steady state voltage 
of 1.49 volts is reacted. 


Shorted Line 


The shorted line is a special case of configuration 2 in 
which the load reflection coefficient is -1.0, and the 
reflections tend toward the steady state condition of zero line 
voltage and a current defined by the source voltage and the 
source resistance. 
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Transmission Line Theory 


Rg = 16.70 Z9 = 502 


VT 


VIN 


Figure 2.10. Transmission Line Model 
for Shorted Line 


An example of a shorted line is shown in Figure 2.10. The 
transmission line response for the case in which the input 
pulse width is greater than the line delay is shown in Figure 
2.11. The initial and final steady state voltages across the 
transmission line are zero. The source is a step function with 
a 0.85 volt amplitude. The initial voltage traveling down the 
line is: 


Vs = (50/66.7)"0.85 = 0.64V 


From Equations 7 and 8, 
PL = (0-50)/(0+50) = -1 


Ps = (16.7-50)/(16.7+50) =— 0.5 


Upon reaching the shorted end of the line, the initial voltage 
waveform is inverted and reflected toward the source. At the 
source end, the voltage is partially reflected back toward the 
shorted end in accordance with the source reflection 
coefficient. Thus, the voltage at the shorted end of the 
transmission line is always zero while at the source end, the 
voltage is reduced for each round trip of the reflected voltage. 
The voltage at the source end tends toward the final steady 
state condition of zero volts across the transmission line. The 
values of the source and line characteristic impedances in 
this example are such that the amplitude decreases by 50% 
with each successive round trip across the transmission line. 


TRANSMISSION LINE VOLTAGE 





TIME H=1000ps/div 
V=200mV/div 


Figure 2.11. SPICE Results for Shorted Line 
with the Input Pulse Width > Line Delay 


Figure 2.12 shows the line response for the same circuit 
as above, but for the case in which the input pulse width is 
less than the line delay. As in the previous example, the initial 
and final steady state voltages across the transmission line 
are zero, and the reflection coefficients are —1.0 and — 0.5 for 


the load and source respectively. However, the intermediate 
voltage across the transmission line is a series of negative 
pulses with the amplitude of each pulse decreasing for each 
round trip of the reflected voltage until the final steady state 
voltage of zero volts is attained. Again, for this example, the 
amplitude of the output response decreases by 50% for each 
successive reflection 


TRANSMISSION LINE VOLTAGE 





TIME H=1000ps/div 
V=200mV/div 


Figure 2.12. SPICE Results for Shorted Line with 
the Input Pulse Width < Line Delay 


due to the choice of source and transmission line 
characteristic impedances. 


Case 2: Rs < Zo; RT=ZO 

As in Case 1, the initial current in the transmission line is 
determined by the ratio of Vs/Zo. Similarly, since RT = Zo the 
final steady state current is also determined by the ratio 
Vs/Zoc. Because a discontinuity does not exist at the line-load 
interface, all the energy in the traveling step is absorbed by 
the termination resistance, in accordance with Ohm's Law. 
Therefore, no reflections occur and the output response is 
merely a delayed version of the input waveform. 


Rs = Rg = 62 Zo = 50Q 


VIN RT = 50Q 


Figure 2.13. Transmission Line Model 
for Matched Termination 


An example of a line mismatched at the source but 
matched at the load is shown in Figure 2.13. For an input 
pulse of —1.75V to — 0.9V is given by: 


VTi = (50/56)"(-1.75) = -1.56V 
The final steady state output voltage is given by 


VTE = (50/56)*(— 0.9) = — 0.80V 


The source is a step function with an 0.85 volt amplitude. The 
initial voltage traveling down the line is: 


Vs = (50/56)"0.85 = 0.76V 
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From Equations 7 and 8, 
P_ = (50-50)/(65+50) = 0 
Pg = (6-50)/(6+50) = — 0.79 

From Equation 9, the output voltage VT after one line delay is: 
VT(L.Tpp) = Va(t)"[1 + PL] + Vpc =— 0.80V 


Likewise, after a time equal to three times the line delay, the 
output voltage VT is: 


VS TR DS ola, 
Va(t) [PL Ps +PL 2 Ps]+VT(L,Tpp) =— 0.80V 


Thus, the output response attains its final steady state value 
(Figure 2.14) after only one line delay when the termination 


OUTPUT VOLTAGE-VT 





TIME H=400ps/div 
V=200mV/div 


Figure 2.14. SPICE Results for Matched Termination 


resistancd matches the line characteristic impedance. 
Ringing or stair-step output responses do not occur since the 
load reflection coefficient is zero. 


Case 3: Rg = Zo; RT=ZO 

When the termination resistance does not match the line 
characteristic impedance reflections arising from the load will 
occur. Fortunately, in case 3, the source resistance and the 
line characteristic impedance are equal, thus, the reflection 
coefficient is zero and the energy in these reflections is 
completely absorbed at the source; thus, no further 
reflections occur. 


Rs = 50Q Zo = 50Q 


VT 


Figure 2.15. Transmission Line Model for Vs = Zo 


Transmission Line Theory 


An example of a line mismatched at the load but matched 
at the source is shown in Figure 2.15. For an input pulse of 
-1.75V to —0.9V the initial steady state output voltage is 
given by: 


VT] = (65/115)*(-1.75) = — 0.99V 


The final steady state output voltage is given by 

VTF = (65/115)*(— 0.9) =-0.51V 
The source is a step function with a 0.85 volt amplitude. The 
initial voltage traveling down the line is: 

Vg = (50/100)"0.85 = 0.43V 


From Equations 7 and 8, 
PL = (65-50)/(65+50) = 0.13 


Pg = (50-50)/(50+50) = 0 


From Equation 9, the output voltage VT after one line delay is: 


VT(L,TPp) = Va(t)"[1 + PL] + Vpc =— 0.51V 


Likewise, after a time equal to three times the line delay, the 
output voltage VT is: 


VT(L,3TPD)=VaA(t) [PL"Ps+PL"2°Psl+VT(L,Tpp)= 
-0.51V 


Thus, the output response attains its final steady state value 
after one line delay when the source resistance matches the 
line characteristic impedance. Again, ringing or a stair-step 
output does not occur since the load reflection coefficient is 
zero (Figure 2.16). 


OUTPUT VOLTAGE-V T 





TIME H=400ps/div 
V=100mV/div 


Figure 2.16. SPICE Results for Circuit of Figure 2.15 


Series Termination 


Series termination represents a special subcategory of 
Case 3 in which the load reflection coefficient is +1 and the 
source resistance is made equal to the line characteristic 
impedance by inserting a resistor, Rg7, between and in series 
with, the transmission line and the source resistance Ro. The 
reflections tend toward the steady state conditions of zero 
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Transmission Line Theory 


current in the transmission line, and an output voltage equal 
to the input voltage. This type of termination is illustrated by 
the circuit configuration of Figure 2.17. The initial voltage 
down the line will be only half the amplitude of the input signal 
due to the voltage division of the equal source and line 
impedances. 


Vs = (ZO/(2°Zo))"VIN = VIN/2 (Equation 10) 


The load reflection coefficient tends to unity, thus, a 
voltage wave arriving at the load will double in amplitude, and 
a reflected wave with the same amplitude as the incident 
wave 


Ro = 62 Z9= 502 


Ret = 440 “I 


Figure 2.17. Series Terminated Transmission Line 


will be reflected toward the source. Since the source 
resistance matches the line characteristic impedance all the 
energy in the reflected wave is absorbed, and no further 
reflections occur. This “source absorption” feature reduces 
the effects of ringing, making series terminations particularly 
useful for transmitting signals through a backplane or other 
interconnects where discontinuities exist. 


As stated previously, the signal in the line is only at half 
amplitude and the reflection restores the signal to the full 
amplitude. It is important to ensure that all loads are located 
near the end of the transmission line so that a two step input 
signal is not seen by any of the loads. 


For the series terminated circuit of Figure 2.17 with Ro + 
RsT =Zo and an input pulse rising from —1.75V to — 0.9V, the 
initial line voltage, VT} is -1.325V and the final line voltage, 
VTR, is — 0.9V. The source is a step function with a 0.85 volt 
amplitude. The initial voltage traveling down the line is: 


Vs = (50/100)*0.85 = 0.43V 
From Equations 7 and 8, 
PL = (00 — 50)/(20+50) = 1 

Pg = (50 ~ 50)/(50+50) = 0 


From Equation 9, the output voltage VT after one line 
delay is: 


VT(L,TPp) = Va(t)"[1 + PL] + Vpc =— 0.9V 


Likewise, after a time equal to three times the line 
delay, the output voltage VT is: 


VT(L3TPp) =Vait)’PL’PS+PL"2"Ps]+VT(L,Tpp) = 
~0.9V 


Since the load reflection coefficient is unity, the voltage at 
the output attains the full ECL swing, whereas the voltage at 
the beginning of the transmission line does not attain this 
level until the reflected voltage arrives back at the source 
termination (Figures 2.17 and 2.18). No other reflections 
occur because the source impedance and line characteristic 
impedance match. 


Capacitive Effects on Propagation Delay 


Lumped Capacitive Loads 
The effect of load capacitance on propagation delay must 


OUTPUT VOLTAGES 





TIME H=400ps/div 
V=200mV/div 
Figure 2.18. SPICE Results for Series 
Terminated Line 


be considered when using high performance integrated 
circuits such as the ECLinPS family. Although capacitive 
loading affects both series and parallel termination schemes, 
it is more pronounced for the series terminated case. Figure 
2.19a illustrates a series terminated line with a capacitive 
load Ci. Under the no load condition, CL=0, the delay 
between the 50% point of the input waveform to the 50% 
point of the output waveform is defined as the line delay Tp. A 
capacitive load 


Rs =Zo Zo = 502 


CL 
VIN if 


NODE “a” 


Figure 2.19a. Lumped Load 
Transmission Line Model 


placed at the end of the line increases the rise time of the 
output signal, thereby increasing TD by an amount ATp 
(Figure 2.19b). Figure 2.20 shows the increase in delay for 
load capacitances of 0, 1, 5, 10 and 20 picoFarads. 
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LINE 
INPUT 






«i LOADED 
RESPONSE 
50% 
LINE UNLOADED 
OUTPUT RESPONSE 


Figure 2.19b. ATD Introduced by Capacitive Load 


OUTPUT VOLTAGES 





TIME H=1000ps/div 
V=200mV/div 


Figure 2.20. Line Delay vs Lumped Capacitive Load 


The increase in propagation delay can be determined by 
using Thevenin’s theorem to convert the transmission line 
into a single time constant network with a ramp input voltage. 
The analysis applies to both series and parallel terminations, 
since both configurations can be represented as a single time 
constant network with a time constant, t, and a Thevenin 
impedance 2’. 


Figure 2.21 shows the Thevenized versions for the series 
and parallel terminated configurations. The Thevenin 
impedance for the series configuration is approximately twice 
that for the parallel terminated case, thus the time constant 
will be two times greater for the series terminated 
configuration. Since t is proportional to the risetime, the rise 
time will also be two times greater; thus the reason for the 
larger impact of capacitive loading on the series terminated 
configuration. 


Transmission Line Theory 


ZO Z=Z6O 
a eee OF VIN O-W--- I : 
T* — a 


ZC=Z9C, = 


THEVENIN EQUIVALENT SERIES TERMINATION 


THEVENIN EQUIVALENT PARALLEL TERMINATION 


VHIGH 





VLOW 


t=0 t=a 


Figure 2.21. Thevenin Equivalent Lumped 
Capacitance Circuits 





NORMALIZED DELAY INCREASE (A 1p /tp ) 


0.0 05 1.0 1.5 2.0 2.5 
NORMALIZED LINE-LOAD TIME CONSTANT (Z’C/tp) 


Figure 2.22. Normalized Delay Increase Due 
to Lumped Capacitive Load 


The relationship between the change in delay and the 
line-load time constant is shown in Figure 2.22. Both the 
delay change (ATp) and the line-load time constant (Z’C) are 
normalized to the 20-80% risetime of the input signal. This 
chart provides a convenient graphical approach for 
approximating delay increases due to capacitive loads as 
illustrated by the following example. 
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Transmission Line Theory 


Given a 100Q series terminated line with a 5pF load at the 
end of the line and a no load rise time of 400ps, the increase 
in delay, ATp, can be determined using Figure 2.22. The 
normalized line-load time constant is: 


Z'C/tR = 1002*5pF/400ps = 1.25 


Using this value and Figure 2.22: 


ATp/tR = 0.9 


Therefore: 


ATp = 0.9°400ps = 360ps 


Thus, 360ps is added to the no load delay to arrive at the 
approximate delay for a 5pF load. For a 100Q line employing 
a matched parallel termination scheme, Z’ = 50Q, the added 
delay is only 240ps. This added delay is significantly less 
than the one encountered for the series terminated case. 


Thus, when critical delay paths are being designed it is 
incumbent on the designer to give special consideration to 
the termination scheme, lumped loading capacitance and 
line impedance to optimize the delay performance of the 
system. 


Distributed Capacitive Loads 


In addition to lumped loading, capacitive loads may be 
distributed along transmission lines. There are three 
consequences of distributed capacitive loading of 
transmission lines: reflections, lower line impedance, and 
increased propagation delay. A circuit configuration for 
observing distributed capacitive loading effects is shown in 
Figure 2.23. 


Rg = 29 


“9 “TTT e 


Figure 2.23. Transmission Line Model for Distributed 
Capacitive Load 


Zo = 502 


WE 


Each capacitive load connected along a transmission line 
causes a reflection of opposite polarity to the incident wave. If 
the loads are spaced such that the risetime is greater than 
the time necessary for the incident wave to travel from one 
load to the next, the reflected waves from two adjacent loads 
will overlap. Figure 2.24 shows the output response for a 
transmission line with two distributed capacitive loads of 
2.0pF separated by a line propagation time of 750ps. The 
upper trace, with a 20-80% input signal risetime of 400ps, 
shows two distinct reflections. The middie and lower traces 
with 20-80% risetimes of 750 ps and 950ps, respectively, 
show that overlap occurs as the risetime becomes longer 
than the line propagation delay. 


anita 
| 
he 
fl 
ial 
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VOLTAGE-Vg 





TIME H=1000ps/div 
V=100mV/div 
Figure 2.24. Reflections Due to Distributed 
Capacitance 


Increasing the number of distributed capacitive loads 
effectively decreases the line characteristic impedance as 
demonstrated by Figure 2.25. The upper trace shows that 
reflections occur for approximately 3.5ns, during which time 
the characteristic impedance of the line appears lower(=76Q) 
than actual due to capacitive loading. After the reflections 
have ended, the transmission line appears as a short and the 
final steady state voltage is reached. The middle trace shows 
that decreasing the termination resistance to match the 
effective line characteristic impedance produces a response 
typical of a properly terminated line. Finally, the lower trace 
shows that the original steady state output can be attained by 
changing the source resistance to match the load resistance 
and the effective characteristic capacitance. 


VOLTAGE-Vg 





TIME H=2000ps/div 
V=100mV/div 


Figure 2.25. Characteristic Impedance Changes 
Due to Distributed Capacitive Loads 


Reduced Line Characteristic Impedance 

To a first order approximation the load capacitance (C_) is 
represented as an increase in the intrinsic line capacitance 
along that portion of the transmission line for which the load 
capacitances are distributed. If the length over which the load 
capacitances are distributed is defined as “L” the distributed 
value of the load capacitance (Cp) is given by 


Cp =CL/L (Equation 11) 
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The reduced line impedance is obtained by adding Cp to Co 
in Equation 1. 


Zo ViLo/Co) 
Zo’ V(LoCo + Cp)) = V(Lo/(Co*(1+Cp/Co))) 


Zo’ = ZON(1 + Cp/Co) (Equation 12) 


For the circuit used to obtain the traces in Figure 2.25, the 
distributed load capacitance is 4pF. From Equation 3, Co is 
calculated as 


Co = 750ps/93Q = 8pF 


Hence: 


Zo’ 93Q/N(1 + 4pF/8pF) = 76Q 


Thus, the effective line impedance is 17Q lower than the 
actual impedance while reflections are occurring on the line. 


Transmission Line Theory 


Line Delay Increase 


The increase in line delay caused by distributed loading is 
calculated by adding the distributed capacitance (Cp) to the 
intrinsic line capacitance in Equation 2. 


Tpp = V(Lo"Co) 
Tpp’ = V(Lo"(Co+Cp)) 


Tpp’ = Tpp *V(1 + Cp/Co) 


Once again, for the circuit used to obtain the traces in 
Figure 2.25, the distributed load capacitance is 4pF. From the 
previous example, the intrinsic line capacitance is 8pF 
therefore, 


(Equation 1 3) 


Tpp’ = 750ps “*v(1 + 4pF/8pF) = 919ps 


Thus, the effect of distributed load capacitance on line delay 
is to increase the delay by 169ps. From Equation 13 it is 
obvious that the larger the Co of the fine the smaller will be 
the increase in delay due to a distributive capacitive load. 
Therefore, to obtain the minimum impedance change and 
lowest propagation delay as a function of gate loading, the 
lowest characteristic impedance line should be used as this 
results in a line with the largest intrinsic line capacitance. 
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SECTION 3 
System Interconnect 


Introduction 


As mentioned earlier, edge rates of the ECLinPS family 
are such that most interconnects must be treated as 
transmission lines. Thus, a controlled impedance 
environment is necessary to produce predictable 
interconnect delays as well as limiting the reflection 
phenomena of undershoot and overshoot. The three most 
common techniques for circuit and/or system interconnect at 
high data rates are microstrip, stripline and coaxial cable; 
both microstrip and stripline are printed circuit board 
methods, whereas coaxial cable is most often used for 
interconnecting different parts of a system which are 
separated by relatively large distances. For slower speed 
applications (<300MHz), a twisted pair scheme also works 
well. The scope of this writing will not include the twisted pair 
technique; however, a detailed discussion of this topic can be 
found in the MECL System Design Handbook. Finally, 
wirewrap boards are not recommended for the ECLinPS 
family because the fast edge speeds exceed the capabilities 
of normal wirewrapped connections. Mismatches at the 
connections cause reflections which distort the fast signal, 
significantly reducing the noise immunity of the system and 
perhaps causing erroneous operation. 


Printed Circuit Boards 

Printed circuit boards (PCB’s) provide a reliable and 
economical means of interconnecting electrical signals 
between system components. Printed circuit boards consist 
of a dielectric substrate over which the conducting printed 
circuit material is placed. Three major categories of printed 
circuit boards exist: 


1. Single-sided boards 
2. Double-sided boards 
3. Multilayer boards 





Glass-Epoxy 
PTFE 


4.8 (1.0MHz) 
2.1 (10GHz) 
4.5 (1.0MHz) 
















Glass-Polyimide 


Dielectric Dissipation Thermal Coefficient | Tensile 
Constant Factor of Expansion Modulus 
0.022 (1.0MHz) 


0.0004 (10GHz) 
0.10 (1.0MHz) 


The most common printed circuit board material used for 
digital designs is a glass-epoxy laminate. These boards use 
a fiberglass dielectric with copper foils bonded to both sides 
of the dielectric material by an epoxy resin. Other substrate 
materials include a fiberglass dielectric with a polyimide resin 
and fiberglass dielectric with a teflon resin. For multilayer 
boards, the inner layers are separated by sheets of prepreg 
which acts as both a dielectric material and a bonding agent 
between layers. 


The choice of substrate material depends on the function 
for which the board will be used, the environment in which the 
board is to operate, and costs. Table 3.1 lists several physical 
qualities which characterize several of the the available PCB 
types. Each available substrate material has its own 
properties which makes it ideally suited for particular 
applications. 


Glass-Epoxy 


Possesses good moisture absorption, chemical and heat 
resistance properties as well as mechanical strength over 
standard humidity and temperature ranges. The most widely 
used versions are G10 and FR4, the fire resistant version of 
G10. 


Glass-Polyimide 


Good for elevated temperature operation because of its 
tight tolerance of the coefficient of thermal expansion. Very 
hard material, so it may damage drilling equipment when 
being drilled. 


Glass-Teflon 


Good for use when a low dielectric material is required. 
Very soft material, so it may be difficult to build features 
requiring precise geometries. Relatively expensive material. 


13 — 16 (10-8°C) 
224 (10-6°C) 
12 - 14 (10-6°C) 






Table 3.1. Characteristics of Common PCB Materials 
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Microstrip 


A microstrip line is the easiest printed circuit interconnect 
to fabricate because it consists simply of a ground plane and 
flat signal conductor separated by a dielectric (Figure 3.1). 


GROUND PLANE 





Figure 3.1. Microstrip Line 


The characteristic impedance, Zo, of a microstrip line is 
given by: 


87 (5.98 * h) 
ZO= 777 a —_—_— Equation 1 
OF V(er+ 1.41) (0.w +t) co ) 
where: 
Er = Relative Dielectric Constant of the Substrate 
Ww = Width of the Signal Trace 
t = Thickness of Signal Trace 
h = Thickness of the Dielectric 


Equation 1 Is accurate to within +5% when: 

0.1 < Wh < 3.0 and 1 < e, < 15 

To mitigate the effects of electric field fringing, an 
additional constraint is that the width of the ground plane be 
such that it extends past each edge of the signal line by at 
least the width of the signal line. 


LINE IMPEDANCE-Zy (Q) 





TRACE WIDTH (mils) 


Figure 3.2. Microstrip Impedance vs Trace Width 


System Interconnect 


LINE CAPACITANCE Cg (pF/inch) 


LINE CAPACITANCE Co (pFilnch) 





25 45 65 85 105 125 
CHARACTERISTIC IMPEDANCE-Zo (2) 


Figure 3.3. Line Capacitance vs Line Impedance 
and Trace Width 

Figure 3.2 is a plot of characteristic impedance as a 
function of trace width and dielectric thickness for a dielectric 
constant of 4.8 and a trace thickness of 1.4mils (1 ounce 
copper). Using the equation for Co, developed in the 
previous chapter, and Equation 1, above, the capacitance 
per unit length can be calculated for various trace widths. 
Figure 3.3 Plots Co vs trace width for several different 
dielectric thicknesses. In addition, Figure 3.3 plots Co vs the 
characteristic impedance for a microstrip line for the dielectric 
constant and trace thickness given above. The propagation 
delay for a signal on a microstrip line is described by the 
following equation: 


Tpp = 1.016V(0.475"e, + 0.67) ns/foot (eqt 2) 
where: 
er = Dielectric Constant of the Board Material 


Note that the propagation delay is dependent only on the 
dielectric constant of the PCB substrate. Figure 3.4 plots the 
propagation delay of a microstrip line versus the dielectric 
constant of the PCB. 
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System Interconnect 


PROP DELAY-Tpp (ps/inch) 





DIELECTRIC CONSTANT (e,) 


Figure 3.4. Propagation Delay vs Dielectric Constant 


Stripline 

Stripline is a printed circuit board interconnect in which a 
signal conductor is placed in a dielectric medium which is 
“sandwiched” between two conducting layers (Figure 3.5). 









DIELECTRIC] Gay 
GROUND PLANE ee is ee 







Figure 3.5. Stripline Structure 


The characteristic inpedance of the stripline is given by: 


60_ 4b , 
ZO= Tepe “Oe7n(0.8ws) (Equation 3) 
where: 
€r = Relative Dielectric Constant of the Substrate 
Ww = Width of the Stripline 
t = Thickness of the Stripline 
b = Distance Between the Two Ground Planes 


Equation 3 is accurate for the following dimension ratios: 
w/(b — t) < 0.35 and t/b < 0.25 


Once again, using a fairly typical er of 4.8 and a copper trace 
thickness of 1.4 mils, the characteristic impedance of a 
stripline interconnect can be plotted for various trace widths 
and dielectric thicknesses (Figure 3.6). 


As was the case with a microstrip line, the capacitance per 
unit length of a stripline trace can be calculated using the Co 
equation from Chapter 2. The graphs of Figure 3.7 plot the 


b=mils 
€=48 
t=1.4 mils 


LINE IMPEDANCE-Zp (Q) 





TRACE WIDTH (mils) 


Figure 3.6. Stripline Impedance vs Trace Width 


LINE CAPACITANCE-Cg (pF/inch) 





€=48 
t= 1.4 mils 


CAPACITANCE-Cq (pF/inch) 





CHARACTERISTIC IMPEDANCE-Z( (£2) 


Figure 3.7. Stripline Capacitance vs Impedance 
and Trace Width 


capacitance of a stripline structure for a number of trace 
widths as well as the Co versus the characteristic impedance 
of the line. 


The propagation delay of a stripline trace is governed by 
the simple equation: 


Tpp = 1.016Very ns/ft (Equation 4) 
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where: 
Er = Dielectric Constant of the Board Material 


Again, the propagation delay of the trace is dependent only 
on the relative dielectric constant of the PCB substrate. Using 
Equation 4 the delay of the line can be plotted vs dielectric 
constant ( Figure 3.8 ). 


270 


230 


190 


150 


PROP DELAY-Tpp (ps/inch) 


110 
2 3 4 5 6 7 8 9 10 


DIELECTRIC CONSTANT (e;) 


Figure 3.8. Stripline Propagation Delay vs 
Dielectric Constant 


General Information 


Since fiberglass-epoxy is by far the most widely used 
substrate in the industry, two important considerations should 
be mentioned: 


1. The propagation delay for microstrip is =145ps per inch, 
whereas that for stripline is =185ps per inch. Since the 
propagation delay is governed by the dielectric of the 
substrate, a board material with a lower dielectric constant 
than glass-epoxy is required if a lower propagation delay is 
desired. 


2. Cross coupled noise due to board geometries may require 
a substrate material with a lower dielectric constant. For 
example, the distance from the signal trace to the ground 
plane is a function of the substrate dielectric constant for a 
specifted line characteristic impedance. Hence, the switching 
energy coupled into adjacent traces on the same signal plane 
is also a function of the dielectric constant. If the dielectric 
thickness and trace width must be maintained for a given line 
impedance, the spacing between traces must be increased 
to maintain the noise margin. Since the dielectric constant of 
glass-epoxy is relatively large, the increase in spacing 
between the traces may be unacceptable. So, a substrate 
material with a lower dielectric constant may be desirable. 
Generally, if the distance between traces is maintained at 
twice the distance to the ground plane, coupling between 
traces will be minimal. 


Finally, printed circuit signal line shape variations play a 
significant role in modulating both the capacitance and 


System Interconnect 


inductance per unit length for a transmission line; in other 
words, shape variations cause reflections. Bends in printed 
circuit ttaces cause an increase in the capacitance per unit 
length and a decrease in the inductance per unit length with a 
pronounced effect for angles of 90° or more. Two techniques 
available to compensate for shape changes are: 


1. Maintain a uniform trace width. 


2. Cut the corners of the trace such that the length of 
the diagonal cut is in the range of 1.6 to 2.0 times 
the trace width. 


Figure 3.9 illustrates these two techniques. 


< 
Vix 


Ww 1.6w - 2.0w 


Figure 3.9. Compensation for Capacitive Effects of 
Trace Angles 


Coaxial Cable 


Coaxial cable is a two conductor transmission line 
consisting of a concentric inner conductor surrounded by a 
dielectric which in turn is surrounded by a tubular outer 
conductor (Figure 3.10). It is ideal for transmitting high 
frequency signals over long distances because of its well 
defined and uniform characteristic impedance. Moreover, 
crosstalk is minimized by the ground shield provided by the 
outer conductor. 

The propagation delay is derived in the same way as a 
stripline interconnect and, thus, is described by Equation 4. 
Therefore, as with stripline structures, the delay ts a function 


DIELECTRIC 
OUTPUT 
CONDUCTOR 
INNER 
CONDUCTOR 


Figure 3.10. Cross Section of Coaxial Cable 


of only the dielectric constant. The characteristic impedance 
and capacitance per unit length are parameters specified by 
the coaxial cable manufacturer; hence, the designer should 
look to the cable manufacturer for these parameters. 





ECLinPS and ECLinPS Lite 


4-21 





System Interconnect 


Coaxial Cable Lengths 


The ECLinPS family operates with rise times as fast as 
several hundred picoseconds; thus, coaxial cable must be 
able to transmit these pulses without introducing a significant 
distortion. Viewing the ECLinPS output as a single time 
constant driver circuit terminated with a 50Q load, the 
required line bandwidth(fg) can be calculated as follows. 


fo = 0.35/tR (Equation 5) 
where: 
tR =10% to 90% Rise Time 


Converting the typical 20% — 80% rise time value of 400ps to 
an equivalent 10% — 90% rise time value of 530ps, and using 
Equation 5 yields a bandwidth value of fo = 660MHz 


Below 1.0GHz the primary loss mechanism in 
transmission lines is skin effect, as dielectric losses for 
materials such as polyethylene and teflon are insignificant 
below this value. Since attenuation due to skin effect is 
proportional to the square root of frequency, a log-log plot of 
attenuation versus frequency produces a linear result. The 
maximum coaxial cable lengths for the ECLinPS family can 
be derived from the plot in Figure 3.11. 
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Figure 3.11. Coaxial Cable Attenuation vs Frequency 


Typically for an ECL system, the minimum peak-to-peak 
signal swing is 600mV. The nominal peak-to-peak signal 
swing for the ECLinPS family is approximately 850mV. Thus, 
the maximum permissible attenuation is: 


Loss(dB) = 20 * log (ViN/Vo) 


= 20 * log (0.85/0.6) = 3.00B. 


From Figure 3.11 the loss at 660MHz for RG58/U cable is 15 
dB/100 feet. Therefore, the maximum length is 


Max Length = 100 ft. * (3.0dB/15dB) = 20 ft. 


Additional information concerning coaxial cable can be found 
in Motorola’s MECL System Design Handbook. 


Summary of Values 


Table 3.2 is a compilation of propagation delays at nominal 
dielectric values for the three types of interconnects 
discussed. 


Microstrip 145ps/in 
185ps/in 


123ps/in 


Stripline 
Coaxial Cable 





Table 3.2 - Comparison of Interconnect Medium 


Termination Techniques 


From transmission line theory, a signal propagating down 
the line is partially reflected back to the source if the line is not 
terminated in its characteristic impedance. The magnitude of 
the reflected voltage signal is governed by the load reflection 
coefficient, PL. 


PL =(RT- Zo) / (RT + Zo) (Equation 6) 
where: 

RT = Load Impedance, and 

ZO = Characteristic Impedance of the Line 


When the reflected signal arrives at the source it is 
re-reflected back toward the load with a magnitude dictated 
by the source reflection coefficient, Ps. 


Pg = (Rs —- Zo) / (RS+Zo) (Equation 7) 


where: 
Rs = Source Impedance 
ZO = Characteristic Impedance of the Line 


The reflected signal continues to be re-reflected by the 
source and load impedances and is attenuated with each 
passage over the transmission line. The output response 
appears as a damped oscillation asymptotically approaching 
the steady state value. This phenomena is often referred to 
as ringing. 

The importance of minimizing the reflected signals lies in 
their adverse affect on noise margin and the potential for 
driving the input transistors of the succeeding stage into 
saturation. Both of these phenomena can lead to less than 
ideal system performance. To minimize the potential hazards 
associated with reflections on transmission lines three basic 
termination techniques are available: 


1. Minimizing Unterminated line lengths 
2. Parallel Termination 
3. Series Termination 
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Unterminated Lines 


Figure 3.12 illustrates an unterminated transmission line. 
This configuration is also referred to as a stub or an open line. 


A B 
Tp 


VEE 


Figure 3.12. Unterminated Transmission Line 


The function of RE is to provide the drive current for a high 
to low transition at the driver output. Since the reflection 
coefficient at the load is of opposite polarity to that at the 
source, the signal will be reflected back and forth over the 
transmission with the polarity changing after each reflection 
from the source impedance. Thus, steps appear at the input 
to the receiving gate. When Rg is too large, steps appear in 
the trailing edge of the propagating signal that slows the edge 
speed of the input to the receiving gate, subsequently 
causing an increase in the net propagation delay. A 
reasonable negative-going signal swing at the input of the 
receiving gate results when the value of RE is selected to 
produce an initial step of 600mvV at the driving gate. Hence: 


"Zo > 0.6 (Equation 8) 
(VOH - VEE)(RE + Zo) * Zo 2 0.6 
6.2Z0 > RE (10E), 4.929 >Re (100E) (Equation 9) 


Load resistors of less than 180Q should not be used because 
the heavy load may cause a reduction in noise immunity 
when the output is in the high state due to an increased 
output emitter-follower VBE drop. 


When the driver gate delivers a full ECL swing, the signal 
propagates from point A arriving at point B a time Tp later. At 
point B, the signal is reflected as a function of PL. The input 
impedance of the receiving gate is large relative to the line 
characteristic impedance, therefore: 


PL=(RT-Zo)/(RT+ Zo) = 1 


A large positive reflection occurs resulting in overshoot. 
The reflected signal reaches point A at time 2Tp, and a large 
negative reflection results because the output impedance of 
the driver gate is much less than the line characteristic 
impedance (i.e. RO << Zo). In this case, the reflection 
coefficient is negative. 


(Equation 10) 


System Interconnect 


ps = (Ro -Zo)/(Ro + Zo) (Equation 11) 
The signal is re-reflected back toward the load arriving at time 
3Tp resulting in undershoot at point B. This re-reflection of 
signals continues between the source and load impedances 
causing ringing to appear on the output response. 


The impetus in restricting interconnect lengths is to 
mitigate the effects of overshoot and undershoot. A handy 
rule of thumb is that the undershoot can be limited to less 
than 15% of the logic swing if the two way line delay is less 
than the rise time of the pulse With an undershoot of < 15%, 
the physics of the situation will result in an overshoot which 
will not cause saturation problems at the receiving Input. 
Thus, the maximum line length can be determined using 
Equation 12. 


Lmax < tR/2°Tpp (unit length) (Equation 12) 


where: 
L = Line Length 
tR = Rise time 
TPp = Propagation Delay per unit Length 


Further, the propagation delay increases with gate loading, 
thus, the actual delay per unit length (Tpp’) is given as: 


Tpp’ = Tpp “V(t + Cp /(L* Co)) 


Substitution of the modified delay per unit length into 
Equation 12 and rearranging yields Equation 13: 


tR>(2*L)* Tpp *v(1+Cp/(L* Co)) (Equation 13) 


Solving Equation 13 for the maximum line length produces: 


Lmax = 0.5 * (V((Cp/Co) 2 (Equation 14) 
+(tR/Tpp) “ 2) - Cp/Co 


Assuming a worst case capacitance of 2pF and arise time of 
200 ps for the ECLinPS family gives a value of 0.3 inches for 
the maximum open line length. 


Table 3.3 shows maximum open line lengths derived from 
SPICE simulations for single and double gate loads, a 
maximum overshoot of 40% and undershoot of 20% was 
assumed. The simulation results indicate that for a 50Q line, 
a stub length of < 0.3 inches will limit the overshoot to less 
than 40%, and the undershoot to within 20% of the logic 
swing. Signal traces will most assuredly be larger than 0.3” 
for all but the simplest of interconnects, thus, for most 
practical applications, it will be necessary to use ECLinPS 
devices in a controlled impedance environment. 
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zo) | Fanout=1 | Fanout=2 | Fanout=1 | Fanout=2 | 
Lax) (in) | L¢maxy (in 






Table 3.3. SPICE Derived Maximum Open Line Lengths for ECLinPS Designs 


Parailel Termination 


When the fastest circuit performance or the ability to drive 
distributed loads is desired, parallel termination is the method 
of choice. An important feature of the parallel termination 
scheme is the undistorted waveform along the full length of 
the line. A parallel terminated line is one in which the 
receiving end is terminated to a voltage (VT7) through a 
resistor (RT) with a value equal to the line characteristic 
impedance (Figure 3.13a). An advantage of this technique is 
that power consumption can be decreased by a judicious 
choice of V7. For 50Q systems, the typical value of VTT is 
negative two volts. 


Zo 
Rt 


VT 


FIGURE 3.13A PARALLEL TERMINATION TO V77 


VEE 


FIGURE 3.13B THEVENIN EQUIVALENT PARALLEL TERMINATION 


Figure 3.13 Parallel Termination Schemes 


Although the single resistor termination to VTT conserves 
power, it offers the disadvantage of requiring an additional 
supply voltage. An alternate approach to using a single 
power supply is to use a resistor divider network as shown in 
Figure 3.13b. The Thevenin equivalent of the two resistors is 
a single resistor equal to the characteristic impedance of the 
line, and terminated to VTT. The values for resistors R1 and 
R2 may be obtained from the following relationships: 


Ro = (VeeE/VttT)* Zo (Equation 15) 


Ry = (Ro* Vtt)(VeE - VTT) (Equation 16) 


For a nominal 10E supply voltage of — 5.2V and VTT of- 2V: 
R2=2.6°Z0 (Equation 17) 


Ri =Ro/1.6 (Equation 18) 


For a nominal 100E supply voltage of ~ 4.5V and VTT of — 2V 
Ro = 2.25" Z0 
R1 = R2/1.25 


(Equation 19) 
(Equation 20) 


Table 3.4 provides a reference of values for the resistor 
divider network of Figure 3.13b. 


ry ee oe Se Oe 
Ry (2) Re (Q) Ry (Q) Re () 
81 130 90 113 


126 158 









Table 3.4. Thevenin Termination Resistor Values 
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System Interconnect 


For both configurations, when the equivalent termination Ry 
resistance matches the line impedance no reflection occurs 
because all the energy in the signal is absorbed by the 
termination. Hence, the primary tradeoff between the two 
types of termination schemes are power versus power supply 
requirements. As mentioned earlier, the V77 scenario 
requires an extra power supply; however, the VoL 
Theveninization technique will consume 10 fold more DC RL 
power. Fortunately, this extra power consumption will not be 
seen on the die, therefore, both techniques will result in the 
same die junction temperatures. 


ECLinPS output drivers consists of emitter followers 
designed to drive a 50Q load into a negative two volt supply -1710mV 
(VTT). Under these conditions, the nominal 10E output levels = 
are —1.75 volts at 5mA for the low state and — 0.9 volts at 
22mA for the high state. For the 100E devices, the nominal = 
output levels are — 0.955 volts at 20.9mA for the high state 
and 1.705 volts at 5.9mA for the low state. 


Figure 3.14 shows the nominal output characteristics for 
ECLinPS devices driving various load impedances returned where: 
to a negative two volt supply. This plot applies to both 10E IHOUT = (— 770mV — VtT)/(6Q + RT) 
and 100E versions of the ECLinPS family. The output 
resistances, Ry (high state output resistance) and Ri (low and 
state output resistance), are obtained from the reciprocal of 
the slope at the desired operating point. Many applications 
require loads other than 50Q, the resulting VoH and VoL 
levels can be estimated using the following technique. 


VOH 
-770mV 


RT 


VIT 


Figure 3.15. Equivalent Model for 
Calculating 10E Output Levels 


VoL =-1710mV - 8"1LQUT (Equation 22) 


where: 
ILOUT = (-1710mV — Vtq) / (89 + RT) 


100E Devices 


The equivalent output circuit is shown in Figure 3.16. The 
output levels are estimated from Figure 3.16 as follows: 













-10 VOH = — 830mV - 6"IHOUT (Equation 23) 
é 
_ oils where: 
ai IHOUT = (— 830mV — Vt7) / (62 + RT) 
= -20 SS ES SY R 
Ss] [I fal H 
5 _os VoL H—\—}——__ 
COPA Nez : 
ALIN ee NG; 
- 95 Y IN VoL 
|e eS = og : 
-2.0 -1.75 -15 -125 -10 -0.75 -05 -025 0 
OUTPUT VOLTAGE (V) 
Figure 3.14. ECLINPS Output Characteristics -1660mV rT 
10E Devices ~ 


The equivalent output circuit is shown in Figure 3.15. The = 


output levels are estimated from Figure 3.15 as follows: 
Figure 3.16. Equivalent Circuit for 


VOH =—770mV — 6" IHOUT (Equation 21) Calculating 100E Output Levels 
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and 


VoL = ~1660mV — 8“ !LOUT (Equation 24) 


where: 


ILOUT = (-1660mV — V+7)/(8Q + Rt) 


SIP Resistors 


The choice of resistor type for use as the termination 
resistor has several alternatives. Although the use of a 
discrete, preferably chip resistor, offers the best isolation and 
lowest parasitic additions, there are SIP resistor packs which 
will work fine for ECLinPS designs. SIP resistors offer a level 
of density which is impossible to obtain using their discrete 
counterparts. However, there are some guidelines which the 
user should follow when using SIP resistor packs. Always 
terminate complimentary outputs in the same pack to 
minimize inductance effects on the SIP power pin. Noise 
generated on this pin will couple directly into all of the 
resistors in the pack. In addition, the SIP package should 
incorporate bypass capacitors in the design (Figure 3.17). 
These capacitors are necessary to help maintain a solid VTT 
level within the package, again mitigating any potential 
crosstalk or feed throug} effects. A 10 pin SIP like the DALE 
CSRC-10B21-500J/103M, is suitable for providing 50Q 
terminations while maintaining a relatively noise free 
environment to non-switching inputs. 


& uy 


Figure 3.17. Standard ECL 10 pin SIP 


Series Termination Technique 


Series Damping is a technique in which a termination 
resistance is placed between the driver and the transmission 
line with no termination resistance placed at the receiving 
end of the line (Figure 3.18). 


Series Termination is a special case of series damping in 
which the sum of the termination resistor (RST) and the 
output impedance of the driving gate (Rc) is equal to the line 
characteristic impedance. 


Rst+Ro=Zo 
RST 
RE 


VEE 


Figure 3.18. Series Termination 


As mentioned in the Transmission line section, series 
termination techniques are useful when the interconnect 
lengths are long or impedance discontinuities exist on the 
line. Additionally, the signal travels down the line at half 
amplitude minimizing problems associated with crosstalk. 
Unfortunately, a drawback with this technique is the 
possibility of a two step signal appearing when the driven 
inputs are far from the end of the transmission line. To avoid 
this problem, the distance between the end of the 
transmission line and input gates should adhere to the 
guidelines specified in Table 3.3 from the section on 
unterminated lines. 


Series Termination Theory 

When the output of the series terminated driver gate 
switches, a change in voltage (AVB) occurs at the input to the 
transmission line: 


AVB = VIN * (Zo) /(RST+RS+ZoO) (Equation 25) 


where: 


VIN = Interna! Voltage Change 

ZO =Line Characteristic Impedance 

Rs = Output Impedance of the Driver Gate 
RsT = Termination Resistance 


Since Zo = RsT + Rg substitution into Equation 25 yields: 


AVB = Vin/2 (Equation 26) 
From Equation 26 an incident wave of half amplitude 
propagates down the transmission line. Since the 
transmission line is unterminated at the receiving end, the 
reflection coefficient at the load is approximately unity; 
therefore, the reflection causes the voltage to double at the 
receiving end. When the reflected wave arrives at the source 
end, its energy is absorbed by the series resistance, 
producing no further reflections as the impedance is equal to 
the characteristic impedance of the line. 

An extension of the series termination technique, using 
parallel fanout, eliminates the problem of lumped loading at 
the expense of extra transmission lines (Figure 3.19). 


RsTn 
Zo 


| nm (TOTAL NUMBER OF LINES) 


Rsv1 . 
Zo 


RE 


VEE 


Figure 3.19. Parallel Fanout using Series Termination 


Calculation of RE 

Re functions to establish VOH and VoL levels and to 
provide the negative going drive into RsT and Zo when the 
driver output switches to the low state. The value of Re must 





ECLinPS and ECLinPS Lite 


4-26 


be such that the required current is supplied to each 
transmission line while not allowing the output transistor to 
turn off when switching from a high to a low state. An 
appropriate model is to treat the output emitter follower as a 
simple switch (Figure 3.20). 


RH RST 
RE 
= VEE 
Figure 3.20. Equivalent Circuit for RE Determination 


The worst case scenario occurs when the driver output 
emitter follower is cutoff during a negative going transition. 
When this happens, the switch can be considered opened 
and, at the instant it opens, the line characteristic impedance 
behaves as a linear resistor returned to VOW. The model 
becomes a simple series resistive network as shown in 
Figure 3.21. 


RST 


Re if VOH 


Figure 3.21. Equivalent Circuit with Output Cutoff 


VEE 


The maximum current occurs at the instant the switch 
opens and ts given by Equation 27. 


IMAX = (VOH — VEE) / (RE + Rst = Zo)(Equation27) 


The initial current must be sufficient to generate a transient 
voltage equal to half of the logic swing since the voltage at 
the receiving end of the line doubles for the series terminated 
case. To insure the pull down current is large enough to 
handle reflections caused by discontinuities and load 
capacitances, the transient voltage is increased by 25%. 
Therefore, 


init = (1.25°Vswina/2) /Zo (Equation 28) 


To satisfy the initial constraints Imax > JINT 
(VOH-VEE)/(RE+Rst+Zo)> (1.25 VSwine/2)/Zo 


For the 10E series 


System Interconnect 


VOH =— 0.9V, VSWING = 0.85V, VEE = — 5.2 
[- 0.9 — (-5.2)] / RST + RE + Zo) 2 0.531 / Zo 


7.10 * Zo -Rst 2 Re (Equation 29) 


For the 100E series: 


VOH = — 0.955V, VSWING = 0.75, VEE =- 4.5V 


6.56 “Zo —Rst >Re (Equation 30) 


Figure 3.19 showed a modification of the series 
termination scheme in which several series terminated lines 
are driven by a single ECL gate. The principle concern when 
applying this technique is to maintain the current in the output 
emitter follower below the maximum rated value. The value 
for Re can be calculated by viewing the circuit in terms of 
conductances. 


Ge > Gi +Go+...+Gn (Equation 31) 


For the 10E series 
1/Re> 1/ (7.10°Z94 —RST1) + 
1/(7.10°Zo2 — RsT2) + 
1/(7.10°Z93 - Rgtn) 


For the case where 
Z01=2Z02=...2On and RST1=RST2= Rstn 


RE < (7.10 "Zo —Rst)/n (Equation 32) 


where n is the number of parallel circuits. 
For the 100E series 
1/ReE2= 1/(6.56°Z91 - RST1) + 
1/ (6.56°Zo2 — RsTe2) + 
1 / (6.56°Z93 — RsTn) 


For the case where 
201=Z02=..-2On and RgT1=Rst2= Rstn 


RE < (6.56 "Zo -Rst)/n (Equation 33) 


where n is the number of parallel circuits. 


When a series terminated line is driving more than a single 
ECL load the issue of maximum number of loads must be 
addressed. The factor limiting the number of loads is the 
voltage drop across the termination resistor caused by the 
input currents to the ECL loads when the loads are in the 
quiescent high state. A good rule of thumb is to determine if 
the loss in high state noise margin is acceptable. The loss in 
noise margin is given by 


NMLoss = !t *(Rst + Ro) (Equation 34) 
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Ro 
RST 
Zo 
RE 


VEE 


Figure 3.22. Noise Margin Loss Example 


where: 
It = Sum of ljNH Currents 


For the majority of devices in the ECLinPS family the 
typical maximum value for quiescent high state input current 


is 150uA. Thus, for the circuit shown in Figure 3.22, in which 
three gate loads are present in a 50Q environment, the loss 
in high state noise margin is calculated as: 


NMLoss = 3° 150LA * 502 = 22.5mV 


ECLinPS I/O SPICE Modeling Kit 


Due to the heavier reliance on simulation tools for initial 
prototyping, Motorola has put together a SPICE modeling kit 
aimed at aiding the customer in modeling board interconnect 
behavior. The kit includes representative drivers and 
receivers as well as the necessary SPICE model parameters. 
In addition, tips are provided for simulating a wide range of 
output conditions. The kit, in conjunction with today’s CAD 
tools, can greatly simplify the design and characterization of 
critical nets in a design. Anyone interested in using SPICE for 
this purpose, is encouraged to read Application Note AN1503 
located on page 4-65. 
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SECTION 4 
Interfacing With ECLinPS 


Interfacing to Existing ECL Families 


There currently exists two basic standards for high 
performance ECL logic devices: 10H and 100K. To maximize 
system flexibility each member of the ECLinPS family is 
available in both of the existing ECL standards: 10E series 
devices are compatible with the MECL 10H family; 100E 
senes devices are compatible with ECL 100K. 


The difference in the DC behavior of the outputs of the two 
different standards necessitates caution when mixing the two 
technologies into a single ended input design. As illustrated 
in Figure 4.1 and Table 4.1, there is no problem when a 10H 
device is used to drive a 100K device; however, problems 
arise when the scenarjo is reversed. 


For the case of a 100K device driving a 10H device, the 
worst case noise margin is reduced to 35mV, a noise margin 
which is unacceptable for most designs. Since the problems 
of interfacing are an output tracking rate vs a Vpp tracking 
rate problem, if the system uses only differential interconnect 
between the two technologies there will be no loss of noise 
margin and the design will operate as desired. 


Fortunately, the ECLinPS family, by offering devices in 
both standards, allows the user to integrate higher 
performance technology into his design without having to 
battle these interface problems. 


Another area of concern when interfacing to older, slower 
logic families, is the behavior of ECLinPS devices with slower 
input edge rates. Typically, other than clock inputs, the 
ECLinPS family will function properly for edge speeds of up 
to 20ns. For edges significantly slower than 20ns, the Schmitt 
trigger circuit of Figure 4.2 can be used to sharpen the edge 
rates reliably. 


Obviously, a very slow edge rate will amplify differences in 
delay paths due to any offset of the VBB switching reference. 
This extra delay should be included in speed calculations of a 
design. For calculation purposes a worst case + 200ps/ns 


[bars Rew [A= | Na Low 


10H > 10H 


10H > 100H 
100H > 100H 
100H > 10H 





Table 4-1. Worst-Case Noise Margins of a 
Mixed 10H and 100K Design 


gate-gain delay (delay vs input edge rate) can be assumed or 
a more typical value of t75ps/ns can be used. 


100K DRIVING 10H 


a aaa (Ee En |S a (a 
sof | eee 
et | 

12 ss 


a8, woe! 





INPUT/OUTPUT VOLTAGE (V) 
_ 


TEMPERATURE (°C) 


10H DRIVING 100K 


INPUT/OUTPUT VOLTAGE (V) 





TEMPERATURE (°C) 


Figure 4.1. Interfacing 10H ECL and 100K ECL 


Clock inputs on flip-flop devices in the ECLinPS family are 
especially sensitive to slow edge rates. Flip-flops have been 
successfully clocked in a noise free bench setup environment 
with edge rates of up to 20ns. However, in ATE systems 
where more noise is present, clocking problems arise with 
input edge rates of greater than 6.0 or 7.0ns. To ensure 
reliable operation in a system with input clock edges slower 
than 7.0ns, it is recommended that the signals be buffered 
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with an ECLinPS buffer circuit (E122, E116, E101, etc.) or, for 
extreme conditions, the Schmitt trigger of Figure 4.2 to 
provide the gain necessary to sharpen the edges on the clock 
pulse. 





Figure 4.2. Schmitt Trigger w/100MV of Hysteresis 


Interfacing to TTL/CMOS Logic 


To interface ECLinPS devices to TTL or CMOS 
subsystems there exists several new product offerings, as 
well as several existing devices, in the MECL 10KH family 
which are ideally suited to the task. These translation devices 
are specially suited for clock distribution, DRAM driving as 
well as general purpose translation in both single supply and 
dual supply environments. In mixed technology 
environments, it is recommended that the noisy supplies of 
TTL and CMOS circuits be isolated from the ECL supplies. 
This can be done either through separate power planes in the 
board or a common plane with isolated ECL and TTL power 
sub-planes. The planes of common voltages (i.e. ECL Vcc 
and TTL ground for split supply systems or common Vcc and 
ground for a single supply system) should then be connected 
to a common system ground or power supply through an 
appropriate edge connector. 


Interfacing to GaAs Logic 


In general GaAs logic is designed to interface directly with 
ECL; however, in some instances, the worst case VQH of a 
GaAs output can go as high as — 0.3V. An ECLinPS device, 
depending on the input structure, may become saturated 
when driven with a ~ 0.3V signal. Application Note AN1404, 
on page 4-41, deals exclusively with this phenomenon. 


AC Coupling 


In some cases, it may be necessary to interface an 
ECLinPS design with a signal which lacks any DC offset. The 
differential devices in the ECLinPS family are ideally suited 
for this application. As pictured in Figure 4.3, the signal can 
be AC coupled and biased around the VpB switching 
reference of the device. Note that this scheme only works for 
a data stream with no DC bias, for data streams such as Rz 
or unencoded NRZ DC, restoration must be performed prior 
to AC coupling it to an ECLinPS device. 





VT 


Figure 4.3. AC Couple Circuit 


The 50Q resistor of Figure 4.3 provides the termination 
impedance while the Vpp pin provides the DC offset. The 
capacitor used to couple the signal must have an impedance 
of << 50Q for all frequency components of the input signal. 
Because large capacitors appear somewhat inductive at high 
frequencies, it may be necessary to use a small capacitor in 
parallel with a larger one to achieve satisfactory operation. In 
addition, it is important to bypass the Vpp line when used in 
this manner to minimize the noise coupled into the device. 


Because the AC signal is biased around Vpp, the output of 
the ECLinPS device, when AC coupled, will have a duty cycle 
identical to the input. Thus, this type of application is ideal for 
transforming high frequency sinusoidal waveforms from an 
oscillator into a square wave with a 50% duty cycle. The 
E416 device is a specialized line receiver with a much higher 
bandwidth than alternative ECLinPS devices; therefore, for 
frequencies of > 500MHz, it is recommended that the 
designer use this device. 


The above mentioned scenario will work fine as long as 
the input signal is present, however, if the the inputs to the AC 
coupled device are left open, problems may occur. With no 
input signal both inputs will go to VgB and an undefined 
output, and perhaps, an oscillating output, will result. If a 
defined output is necessary for an open input scenario, the 
circuit of Figure 4.4 can be used. The resistor tree between 
Vcc and Vpp creates an offset between the two inputs so that 
if the driving signal is lost, a stable defined output will occur. 
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in O4 


0.001 uF 


C) out 


© out 


Figure 4.4. AC Couple Circuit with DC Offset 


Unfortunately, this configuration will adversely affect the 
duty cycle of the output. Depending on the frequency of the 
output, the duty cycle will change due to the longer distance 
to threshold on a rising edge as opposed to a falling edge. 
With this in mind, it becomes obvious that the smallest 
feasible offset would be the best solution. For stability, a 
minimum of 25mV is recommended, however, this will not 
produce full ECL levels at the outputs of an E116 and, thus, 
another differential gate should be used to further amplify the 
signal. The gain of the E416, on the other hand, is sufficient to 
produce acceptable levels at the outputs for DC input voltage 
differences of 25mV. If a 150mvV offset is used, full ECL levels 
will be seen at the outputs of the E116, however, the price in 
duty cycle skew will be high. Of course, if the signal is divided 
after it is received, the duty cycle will be restored. 


When using the circuit of Figure 4.4 care should be taken 
to limit the current sunk by the VpB pin to a maximum of 
0.5mA. To achieve an offset of greater than 25mvV for the 
circuit of Figure 4.4, the DC current will necessarily need to 
be greater than 0.5mA. To alleviate this dilemma, one of the 
gates of the E116 can be configured as pictured in Figure 4.5 
to generate a Vpp reference with the necessary current 
sinking capability. A single gate configured in this way will 
source or sink up to 10mA without a significant shift in the 
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generated Vpp level. If more currentis needed, several gates 
can be connected in parallel to provide the extra drive 
capability. 

Note that the circuit pictured in Figure 4.4 will result in the 
Q outputs going high when the inputs are left open. If the 
opposite is desired, the resistor to Vcc can be tied to the 
inverting input and Vgp to the non-inverting input. 





SINGLE GATE Vgg GENERATOR 





MULTIPLE GATE Vpp GENERATOR 


VIT 


Figure 4.5. High Current Vgg Generator 
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SECTION 5 
Package and Thermal Information 


Package Choice 


ECLinPS is offered in the 28-lead plastic leaded chip 
carrier (PLCC) package, a leaded surface mount IC package. 
The lead form is of the “J-lead” type. For detailed dimensions 
of the 28-lead PLCC refer to the package description 
drawings at the end of this section. 


The PLCC was selected as the optimum combination of 
performance, physical size and thermal handling in a low 
cost standard package. While more exotic packages exist to 
improve these qualities still further, the cost of these is 
prohibitive for many applications. 


The PLCC features considerably faster propagation delay 
and reduced parasitics compared to a DIP package of similar 
pin-count; two properties that make it eminently suitable for 
very high performance logic. 


The 28-lead PLCC for the ECLinPS family is available in 
tape and reel form to further facilitate automatic pick and 
place. The characteristics of the 28-lead PLCC ree! are 
described in Figure 5.1 below. 


General Information 
REELSIZE: 13” (330mm) 
TAPE WIDTH: 24mm 
UNITS/REEL: 500 


Mechanical Polarization 


VIEW FROM 
TAPE SIDE 


LINEAR DIRECTION OF TRAVEL 


Figure 5.1. 28-Lead PLCC Tape & Reel Information 


Orders must be full reels or multiples of full reels as no 
partial reels will be shipped. An R2 suffix has been 
established to add to the end of the part number to signify the 
desire for tape and reel product. Therefore, to order the 
MC10E111FN in tape and reel the part number would 
become MC10E111FNR2. 





Reliability of Plastic Packages 


Although today’s plastic packages are as reliable as 
ceramic packages under most environmental conditions, as 
the junction temperature increases a failure mode unique to 
plastic packages becomes a significant factor in the long 
term reliability of the device. 


Modem plastic package assembly utilizes gold wire 
bonded to aluminum bonding pads throughout the 
electronics industry. As the temperature of the silicon 
(junction temperature) increases, an intermetallic compound 
forms between the gold and aluminum interface. This 
intermetallic formation results in a significant increase in the 
impedance of the wire bond and can lead to performance 
failure of the affected pin. With this relationship between 
intermetallic formation and junction temperature established, 
it is incumbent on the designer to ensure that the junction 
temperature for which a device will operate is consistent with 
the long term reliability goals of the system. 


Reliability studies were performed at elevated ambient 
temperatures (125°C) from which an arrhenius equation, 
relating junction temperature to bond failure, was 
established. The application of this equation yields the table 
of Figure 5.2. This table relates the junction temperature of a 
device in a plastic package to the continuous operating time 
before 0.1% bond failure (1 failure per 1000 bonds) 


ECLinPS devices are designed with chip power levels that 
permit acceptable reliability levels, in most systems, under 
the conventional 500 lfpm (2.5m/s) airflow. 


Thermal Management 


As in any system, proper thermal management is 
essential to establish the appropriate trade-off between 
performance, density, reliability and cost. In particular, the 
designer should be aware of the reliability implication of 
continuously operating semiconductor devices at high 
junction temperatures. 


The increasing popularity of surface mount devices (SMD) 
is putting a greater emphasis on the need for better thermal 
management of a system. This is due to the fact that SMD 
packages generally require less board space than their 
through hole counterparts so that designs incorporating SMD 
technologies have a higher thermal density. To optimize the 
thermal management of a system it is imperative that the 
user understand all of the variables which contribute to the 
junction temperature of the device. 





ECLinPS and ECLinPS Lite 


4-32 


T =6.376 x 10-9 e| —11954:267_ 
273.15 + Ty 


Where: 
T = Time to 0.1% bond failure 


Junction Time (Hrs.) Time (yrs.) 
Temp. (°C) 


1,032,200 
419,300 
178,700 

79,600 

37,000 

17,800 
8,900 









Figure 5.2 Tj vs Time to 0.1% Bond Failure 


The variables involved in determining the junction 
temperature of a device are both supplier and user defined. 
The supplier, through lead frame design, mold compounds, 
die size and die attach, can positively impact the thermal 
resistance and, thus, the junction temperature of a device. 
Motorola continually experiments with new package designs 
and assembly techniques in an attempt to further enhance 
the thermal! performance of its products. 


It can be argued that the user has the greatest control of 
the variables which commonly impact the thermal 
performance of a device. Ambient temperature, air flow and 
related cooling techniques are the obvious user controlled 
variables, however, PCB substrate material, layout density, 
size of the air-gap between the board and the package, 
amount of exposed copper interconnect, use of 
thermally-conductive epoxies and number of boards in a box, 
can all have significant impacts on the thermal performance 
of a system. 


PCB substrates all have different thermal characteristics, 
these characteristics should be considered when exploring 
the PCB alternatives. The user should also account for the 
different power dissipations of the different devices in his 
system and space them on the PCB accordingly. In this way, 
the heat load is spread across a larger area and "hot spots” 
do not appear in the layout. Copper interconnect traces act 
as heat radiators, therefore, significant thermal dissipation 
can be achieved through the addition of interconnect traces 
on the top layer of the board. Finally, the use of thermally 
conductive epoxies can accelerate the transfer of heat from 
the device to the PCB where it can more easily be passed to 
the ambient. 


The advent of SMD packaging and the industry push 
towards smaller, denser designs makes it incumbent on the 
designer to provide for the removal of thermal energy from 
the system. Users should be aware that they control many of 
the variables which impact the junction temperatures and, 
thus, to some extent, the long term reliability of their designs. 
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Calculating Junction Temperature 


The following equation can be used to estimate the 
junction temperature of a device in a given environment: 


Ty =TA + PDOJA 


where: 


Tj | =dJunction Temperature 

Ta  =Ambient Temperature 

Pp = Power Dissipation 

OJjJA = Avg Pkg Thermal Resistance (Junction Ambient) 


The power dissipation factor is made up of two elements: the 
internal gate power and the power associated with the output 
terminations. Essentially, the two contributors can be 
calculated separately, then added to give the total power 
dissipation for a device. 


To calculate the power of the internal gates the user simply 
multiplies the IEE of the device times VEE. Since IEF in ECL Is 
a constant parameter, frequency need not be factored into 
the calculations. A worst case or typical number for chip 
power can be calculated by using either worst case or typical 
data book values for the IEE and VEE of a device. 


Next, the power of the outputs needs to calculated so that 
the total power dissipation for a device can be determined. 
The output power is dependent on the termination resistance 
and the termination scheme used to pulldown the outputs. 
The most typical termination scheme for ECLinNPS designs 
is a parallel termination into — 2.0V. For this scheme, the 
following equation describes the power for a single output of 
the device: 


PpouT = lout * Vout = (VouT - (- 2)) RT’ VouT 


where: 
Vout = VOH oF VOL 
RT = Termination Resistance 


The power dissipated in the output of a device is dependent 
on the duty cycle of that output. For an output terminated to 
VttT the worst case situation would be if the output was in the 
high state all of the time, for an output terminated to Veg the 
low state will represent worst case. For single ended output 
devices, typically the power is calculated with the outputs in 
the worst case and for a 50% duty cycle. For differential 
outputs, the power for a differential pair is constant since they 
are always in complimentary states, therefore, for a given 
output, the power will simply be the average of the high and 
low state output powers. Figure 5.3 shows the various output 
power levels for the different output types and conditions. In 
addition, the table includes power numbers for various other 
termination resistances and alternative termination schemes. 
These numbers can be derived by determining the IoyT and 
VouT for the different alternatives and applying the equation 
above. 
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Termination 
Resistance 













50 to — 2.0V 
68 to - 2.0V 
100 to — 2.0V 


14.3 15.0 
10.5 11.1 
7.5 









510 to—5.2V 
330 to — 5.2V 
180 to — 5.2V 


9.7 9.8 
15.0 15.1 
27.8 





510 to — 4.5V 
330 to - 4.5V 
180 to — 4.5V 










7.8 
12.3 


Output Power (mW) 


Differential Output 


Single-ended Output 
(50%) Duty Cycle) 






Single-ended Output 
(Worst Case) 





















Figure 5.3 Output Power for Various Termination Schemes 


Now that the power dissipation of a device can be 
calculated, one needs to determine which level of the 
parameter (i.e. typical, max, etc..) to use to estimate the long 
term reliability of the system. Since this number is statistical 
in nature, simply applying the worst case numbers will be 
overly pessimistic as these parameters vary statistically 
themselves. It is not very likely, for instance, that every 
device type will be operating at the maximum specified IEE 
level. Assuming all worst case conditions can have a 
significant impact on the resulting junction, temperature 
estimates leading to erroneous conclusions about the 
reliability of the design. 


Another important parameter for calculating the junction 
temperature of a device is the junction-ambient thermal 


125 250 375 500 625 750 875 1000 
AIR FLOW (lfpm) 





resistance, OJa, of the package. Oya is expressed in °C per 
watt (°C/W) and is used to determine the temperature 
elevation of the die (junction) over the external package 
ambient temperature. Standard lab measurements of this 
parameter for the 28-lead PLCC yields the graph of Figure 
5.4. 


An alternative calculation scheme for Ty substitutes the 
case temperature (Tc) and the junction-to-case (QJjc) 
thermal resistance for their ambient counterparts in the Ty 
equation previously mentioned. The Ojc for the 28-lead 
PLCC is 32°C/W. This parameter is measured by 
submerging the device in a liquid bath and measuring the 
temperature of the bath, therefore, it represents an average 
case temperature. 


Sn FOND 


635 
52 


Figure 5.4. Thermal Resistance vs Air Flow for the 28-lead PLCC 
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The difficulty in using this method arises in the determination 
of the case temperature in an actual system. The case 
temperature is a function of the location at which the 
temperature is measured on the package. Therefore, to use 
the Ojo mentioned above, the case temperature would have 
to be measured at several different points and averaged to 
represent the Tc of the device. This, in practice, could prove 
difficult and relatively inaccurate. 


Junction Temperature Calculation Example 


As an example, the power dissipation for a 10E151, 6-bit 
register function, will be calculated for 500 \fpm airflow; both a 
worst case number and a typical number will be calculated. 
From the data sheet the typical and maximum IEp’s for the 
device are 65mA and 85mA respectively. There are six 
differential output pairs. 


Chip Power = 
65mA * 5.2V=338mW typical 
85mA * 5.46V = 464mW worst case 


Output Power = 


((-1.75 — (~ 2))/50°1.75 + (- 0.9 (— 2)/50*0.9))/2 = 
14.3mW 


Total Power Pd = 
338mW + 14.3°12 = 510mW typical 
464mW + 14.3°12 = 635mW_ worst case 


Junction Temperature = 
Ta + 43.5°C/W" 0.510W = Ta + 22°C typical 
Ta + 43.5°C/W" 0.635W = Ta + 28°C worst case 


Note that in this case, the worst case junction 
temperatures are not significantly larger than the typical 
case This is due mainly to the fact that the device has 
differential outputs. A higher IEE, single ended device would 
show a much larger discrepancy between the worst case and 
typical values. 


Limitations to Calculation Technique 


The use of the previously described technique for 
estimating junction temperatures is intimately tied to the 
measured values of the Oya of the 28-lead PLCC package. 
Since this parameter is a function of not only the package, but 
also the test fixture, the results may not be applicable for 
every environmental condition. The 28-lead PLCC test fixture 
used was a 2.24” x 2.24” x 0.062”, FR4 type, glass epoxy 
board with 1 oz. copper used for interconnects. The copper 
represented about 50% coverage of the test fixture. 


If the user’s actual application does not come close to 
approximating this situation it may be necessary to use a 
different method for determining the junction temperature of a 
device. An empirical equation relating junction temperature 
to the actual case temperature and lead temperature of a 
device has been established. This equation has the 
advantage of being universal for all environmental 
conditions, however, the disadvantage of having to make 
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actual thermocouple temperature measurements may limit 
its use. 


The equation describing the junction temperature is as 
follows: 


Ty = 24Pp + 0.313T¢ + 0.687T| °C/W (+ 2°C/W) 


where: 


Pp = Power Dissipation of the Device (W) 
Tc =Case Temperature (°C) 
TL =Lead Temperature (°C) 


Tc is measured at the top-center surface of the package, 
taking care that the thermocouple makes good contact with 
the case without transporting a significant amount of heat 
from the measurement point. The lead temperature is used to 
compensate for the differences in the ratio of heat transfer 
through the leads and the top surface of the package. This 
difference impacts the actual Tc of the package. As 
mentioned earlier, this method of determining the junction 
temperature is effective for almost all environmental! 
conditions except those that incorporate an external 
heatsink. Of all the techniques mentioned in this document, 
the application of this equation will lead to the most accurate 
assessment of the junction temperature of a device. 


Heatsinks 


A plastic fin type heatsink recently developed by EG&G 
Engineering for a 40-lead PLCC was modified to fit the 
28-lead 
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Figure 5.5 - PLCC PCO Solder Pad Dimensions 
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PLCC and evaluated. The addition of the heatsink showed a Package Dimensions 
decrease of 20°C/W in the thermal resistance of the 28-lead 
PLCC in a natural convection air flow environment. The test 
device was suspended in air to simulate a dense board 
application where minimal heat will transfer from the device 
to the PCB substrate. 

For more detailed information on availability and 
performance of heatsinks the user is encouraged to contact 
the numerous heatsink vendors. 


Figure 5.5 on the previous page provides recommended 
printed circuit board solder pad dimensions for several PLCC 
packages. With this information and the 28-lead PLCC 
dimensions provided in Figure 5.6, the system designer 
should have all of the information necessary to successfully 
mount 28-lead PLCC packages on a surface mount PCB. 


Package Outlines 
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SECTION 6 
Quality & Reliability 


Quality 


The Motorola culture is a culture of quality. Throughout all 
phases of product development, from defining and designing 
to shipping the product, Motorola strives for total customer 
satisfaction through “Six Sigma” and “On Time Delivery” 
programs. 


Defining Products 


From the beginning, the goal of the ECLinPS family was to 
be “customer” defined. Extensive work was done up front to 
identify part types which were perfectly suited to the needs of 
our customers. This definition phase ensured a level! of 
quality for the family in that the customer defines the product 
rather than the supplier dictating product types. 


Designing Products 


Superior quality products start with the design, and the 
design of a product starts with an IC process. Extensive work 
was done with the MOSAIC Ill process to ensure a solid 
platform for quality products. Process reliability studies were 
performed to uncover any weaknesses in the initial process 
so that enhancements could be made to strengthen it before 
it was released to production. In addition, comprehensive 
characterization and correlation work was completed on the 
process to ensure the utmost in modeling parameter 
accuracy. 


The design of the products strictly adhered to the design 
rules set forth by the process designers. Conservative, 
manufacturable layout rules were followed to minimize the 
performance variability due to a marginally manufacturable 
product. In addition, the use of statistical modeling methods, 
such as factorial and response surface techniques, in the 
designing of the IC’s leads to products with a reduced 
sensitivity to variations in the manufacturing process. 


Manufacturing Process 

Through SPC and continual engineering work, the 
manufacture of the MOSAIC II! process is both monitored 
and enhanced on a continuous basis. Statistical data is 
gathered at both probe and final test through the device data 
collection to monitor the distribution of a parameter to its 
specification limits. In addition, final quality assurance gates 
are set up to guarantee the quality of outgoing product. 


Product Characterization 

Products are both DC and AC characterized for all data 
book environmental conditions prior to the release of the 
product to production. The distributions of the parameters are 


compared to their specification limits to ensure that Motorola 
“manufactures” quality products as opposed to “testing” 
quality products through distribution truncation. In addition, 
ongoing AC characterization is performed to enhance the 
distributions of the AC parameters of the device. In doing so, 
as the distributions warrant, further enhancements to the AC 
specifications can be achieved. 


Reliability 


To ensure the long term reliability of ECLinPS products, 
extensive accelerated life testing is performed prior to 
production release. This qualification work is performed by 
Logic Reliability Engineering, an organization specifically 
dedicated to monitoring and guaranteeing the quality and and 
reliability of logic products. The accelerated life test consists 
of the following: 


Operating Life Test: 145°C Mil. Std. 883 
Temperature Cycle: -65°C to 150°C Mil. Std. 883 
Pressure, Temperature, Humidity (Hermeticity) 


A minimum of two lots, 250 die per lot taken from three 
different waters in the lot constitute a qualification sample. 
Various intermediate readouts are taken to monitor the 
performance more closely. In addition, the devices are tested 
beyond the specification limits to determine where and how 
they will fail. 


Another responsibility of the reliability group is that of 
failure analysis. This failure analysis service is supported for 
both internal purposes and for servicing the needs of our 
customers. Analysis entails everything from simple package 
examination to internal microprobing to SEM analysis of IC 
structures. The results of the analysis are returned to the 
customer and if the analysis suggests a potential problem 
with the device the information is also passed to the internal 
product groups. 


RAP: Reliability Audit Program 


The Reliability Audit Program (RAP) devised in March 
1977 is the Motorola internal reliability audit which is 
designed to assess outgoing product performance under 
accelerated stress conditions. Logic Reliability Engineering 
has overall responsibility for RAP, including updating its 
requirements, interpreting its results, administration at 
offshore locations and monthly reporting of results. These 
reports are available at all sales offices. Also available is the 
“Reliability and Quality Handbook” which contains data for all 
Motorola semiconductors (BR518/D). 





ECLinPS and ECLinPS Lite 


4-39 


Quality & Reliability 


Rap is a system of environmental and electrical tests in Figure 6.1. Frequency of testing is specified per internal 
performed periodically on randomly selected samples of document 12MRM15301A. 
standard products. Each sample receives the tests specified 


45 - 116 PCS* 116 - 328 PCS* 76 - 116 PCS 
| | 
OP LIFE*** 
PTHB PTH INITIAL SEAL** INITIAL SEAL** 40 HOURS 
48 HRS 96 HRS 
TEMP CYCLE THERMAL SHOCK 
100 CYCLES 100 CYCLES 
SEAL“* SEAL** 
| | 
ELECTRICAL ELECTRICAL ELECTRICAL 
ELECTRICAL ELECTRICAL Alli posi TEST 
TEST TEST , | | 
| | THERMAL SHOCK THERMAL SHOCK OP LIFE 
PTH PTH ADD 900 CYCLES ADD 900 CYCLES ADD 210 HRS 
ADD 48 HRS ADD 48 HRS | 
ELECTRICAL ELECTRICAL ELECTRICAL 
TEST TEST TEST 
ELECTRICAL ELECTRICAL | | 










TEST TEST TEMP CYCLE OP LIFE“ 
ADD 1000 CYCLES ADD 750 HRS. 
3 | 
ELECTRICAL 
TEST ELECTRICAL 


TEST 


SCRAP 


Figure 6.1. Reliability Audit Program Test Flow 


. PTH will be run as a substitute if PTHB sockets are not PTHB 


available. Only required on plastics packages. 15psig/121°C/100% RH at rated Voc or VEE — to be 
** Thermal Shock will be run if Temp Cycle is not available. performed on plastic encapsulated devices only. 
*** Seal (fine and gross) only required on hermetic Temp Cycle 

packages. 


Mil. Std. 883, Method 1010, Condition C, — 65°C to 150°C 
**** — Allunits for Op Life to be AC/DC tested before and after 


being stressed. All units failing AC after stress will be Op Life 


analyzed. Mil. Std. 883, Method 1005, Condition C (Power plus 
***** One sample per month Reverse Bias), Ta = 145°C. 


Notes: 

1 All standard 25°C DC and functional parameters will be measured Go/NoGo at each readout 

2. Any indicated failure ts first verified and then submitted to the Product Analysis Lab for detailed analysis 
3 Sampling to include all package types routinely 


4 Device types sampled will be by generic type within each digital IC product family (MECL, TTL, etc.) and will include all assembly locations (Korea, Phillipines, 
Malaysia, etc ) 


5. 16 hrs PTHB ts equivalent to ~ 800 hrs. of 85°C/85% RH THB for Vcc < 15V. 
6 Only moisture related failures (like corrosion) are criteria for failure on PTHB test 


7. Special device specifications (48A’s) for digital products will reference 12MRM15301A as a source of generic data for any customer requiring monthly 
audit reports 
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Application Note 


ECLinPS™ Circuit Performance 
at Non-Standard VIH Levels 


Prepared by 
Todd Pearson 
ECL Applications Engineering 


This application note explains the consequences of 
driving an ECLinPS device with an input voltage HIGH 
level (VjH}) which does not meet the maximum voltage 
specified in the ECLinPS Databook. 


ECLinPS ts a trademark of Motorola, Inc. 


ECLinPS and ECLinPS Lite 
4-44 


AN1404 


ECLinPS Circuit Performance at Non-Standard VIH Levels 


Introduction 


When interfacing ECLinPS devices to various other 
technologies times arise where the the input voltages do not 
meet the specification limits outlined in the ECLinPS data 
book. The purpose of this document is to explain the 
consequences of driving an ECLinPS device with an input 
voltage HIGH level (Vj) which does not meet the maximum 
voltage specified in the ECLinPS Databook. 


The results outlined in this document should not be viewed 
as guarantees by Motorola but rather as representative 
information from which the reader can base design decisions. 
It is up to the reader to assess the risks of implementing the 
non-standard interface and deciding if that level of risk is 
acceptable for the system design. Motorola’s guarantee on 
VIH willcontinue to be the specification standards established 
for the 10H™ and 100K ECL technologies. 


Overview 


The upper end of the Vip spec of an ECLinPS, or any other 
ECL, input is limited by saturation affects of the input 
transistor. Figure 1 below illustrates a typical ECL input 
(excluding pulldown resistors and ESD structures); the 
structure is a basic differential amplifier configuration. With a 
logic HIGH level asserted at the input the collector of that 
transistor will be pulled down below the Vcc rail by the gate 
current passing through the collector load resistor. The 
voltage at the collector of the input transistor (Vc) will be 
dependent on the gate current and the size of the collector 
load resistor associated with the input gate. 


Vcc 


VcB cs 


Input VeB 


Figure 1. Typical ECLinPS Input Structure 


As the input Vj}H increases towards Vcc the collector base 
junction of the input transistor becomes forward biased; as this 
forward bias condition increases the transistor will move into 
the saturation region. The value of Vcp at which the transistor 
begins to saturate is process dependent and will vary from 
logic family to logic family. Fortunately the MOSAIC ill process 
used toimplement the ECLinPS family incorporates a deep n+ 
collector doping. This deep collector helps to mitigate the 
effects of saturation of transistors by requiring a larger 


collector-base forward bias to enter the saturation region. 


Vinmax and the ECLinPS Family 


As previously mentioned the MOSAIC III™ process allows 
for ECLinPS devices to operate at Vjpmax levels somewhat 
higher than those specified in the databook, however the 
exact value of Vjy for which saturation problems will occur 
varies from device to device and even among different inputs 
for a given device. This variation is a result of the different input 
configurations used on the various inputs of ECLinPS 
devices. 


The easiest way to define an acceptable VjHmax for each 
device in the family is to define at what point the input transistor 
will saturate and specify for each input what the worst case 
input transistor collector voltage will be. With this information 
designers will be able to determine on a part by part, input by 
input basis what input voltage levels will be acceptable for their 
application. 


Simulation Results 


The input saturation phenomenon was characterized 
through SPICE simulations and the results will be reported in 
the following text. For simplicity of simulation a buffer similar to 
the E122 was used. Since the outputs of this buffer drive off 
chip, the Vijy#max performance of this structure will be worse 
than the typical input structure. Both a 100K and a 10H style 
buffer were analyzed to note any discrepancies between the 
two standards. As expected the simulation results showed no 
difference in the saturation susceptibility of a 100K versus a 
10H style buffer. Therefore the simulation results of only the 
100K style buffer will be presented to minimize redundancy of 
information. 


The following text will refer to Figures 4-8 in the appendix of 
this document. Figures 4—8 are graphical plots of the input and 
output waveforms of an E122 style buffer (structure similar to 
that of Figure 1) for various VjH levels. V(in) represents the 
input voltage while V(q) and V(qb) represent the output 
voltages. The V(vbb) line was included for measurement 
purposes only and will be ignered. 


Figure 4 represents the “standard” operation of the device 
as a standard Vj input was used. Note that in this condition 
the propagation delays measure in the 215-225ps range and 
the lINH was 42.5unA. The IjNH of this device is simply a 
measure of the base current of the input transistor when that 
transistor is conducting current. We will be monitoring both of 
these conditions as well as any degradation in the output 
waveforms as a sign of the input transistor becoming 
saturated. As can be seen in Figures 5 and 6 none of the 
parameters change for VjH levels of up to —0.4V. With a 
collector voltage, Vc, of -1.0V these Vjp’s correspond to a 
collector base forward bias of 600mV. As the Vy of the input 
moves closer to Vcc, Figures 7 and 8, three phenomena start 
to occur: the ljNH increases, the delays increase and 
significant changes occur to the output low level of the QB pin. 
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In Figure 7 the ljNH of the input transistor has more than 
doubled from the “standard” level. This increase in base 
current leads to an increase in the Vo, level as the collector 
current must reduce to maintain the constant emitter current. 
As the collector current reduces, the IR drop across the 
collector load resistor reduces, thus raising the Vo, level on 
the QB output. Although the Vo_ level has shifted the overall 
propagation delay has remained essentially unchanged. 


Finally, when the input is switched all the way up to Vcc the 
VoL level no longer remains in spec as the input base current 
has jumped to almost 1ma and there has been significant 
degradation in the high-low propagation delay. It is apparent 
that for this condition an E122 style buffer will not perform 
adequately for most systems. . 


From this information it can be concluded that for a 
collector-base forward bias of <600mV there will be no 
adverse conditions on the performance of the device. The 
performance starts to degrade with further forward bias until at 
a forward bias voltage of =1.0V the device will fail both its DC 
and AC specifications. 


ECLinPS Input Structures 


There are four basic input structures which will affect the 
Vinmax performance of ECLinPS devices. The four structures 
are as follows: an internal buffer, an external buffer, an emitter 
follower input buffer and a series gated emitter follower input. 


The internal buffers are input structures whose outputs 
drive other gates internal to the device, the voltage swings of 
the input transistor collectors (Vc) on these devices will be 
~800mV. An external buffer is one in which the outputs are fed 
external to the chip. Because of the relatively large base drive 
of the output emitter follower for these structures the Vc 
voltage will typically be a couple hundred milivolts lower than 
for the interna! buffer. Note that because of the larger output 
swings of a 10E device, a 10E style external buffer will require 
a ViHmax input level more near the specified value. Both of 
these structures are similar to that pictured in Figure 1. 


The third and fourth structures are somewhat different in 
design than the first two. Figure 2 illustrates an emitter 
follower input structure. For the basic emitter follower input the 
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input voltages are dropped by an additional VBE (=800mV) 
before they are fedinto the differential amplifier input gate. The 
switching reference is also shifted down by one diode drop to 
remain centered in the input swing. Obviously this input 
structure will represent the “best case” in the area of extended 
ViHmax performance. In fact this type of input structure will 
allow for input voltages even several hundred millivolts above 
the Vcc rail. This characteristic makes these type devices 
ideal for interfacing with differential oscillators whose outputs 
lack any DC offset. In the emitter follower structure the limiting 
factor will be the saturation of the emitter follower device 
whose collector is at Vcc. From the previous simulation 
results this would suggest a maximum VjH of +0.6V. 


Voc 





Figure 2. Emitter Follower Input Structure 


The series gate emitter follower input will represent the 
absolute worst case situation for a 100E device. Figure 3 
represents a series gate emitter follower input fora 10E anda 
100E device. From this figure it is apparent that the lower 
switching level (B input level) is going to be much more 
susceptible to Vj}ymax for the 100E device than the 10E 
device. The two diode drops used for the 10E device is not 
possible for a 100E device due to the smaller VEE voltage ofa 
100E device. 


To summarize the external gate will represent the worst 
case VjHmax situation for a 10E device while the series gate 
emitter follower case will represent worst case for a 100E 
device. Jn either situation the standard emitter follower will 
allow the most leeway for non-standard V|Hmax performance. 


10E Structure Voc 





Input A 


Input B 


Figure 3. Emitter Follower Series Gate Input Structure 
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Other Considerations 


When driving ECLinPS devices with other than standard 
input levels there is another phenomena that should be 
considered; namely effects of non-centered switching 
references on the AC performance of a device. For 
non-standard input voltages the midpoint of the voltage swing 
may not correspond to the internal VBR switching reference. If 
this is the case the resulting AC variation should be included in 
the evaluation of a design. 


An input voltage swing not centered about the switching 
reference will exhibit a delay skew between the two input edge 
transitions. The size of this skew will be dependent on both the 
voltage offset of the reference voltage and the midpoint of the 
input swing and the slew rate of the input as it passes through 
the threshold region. As an example for the case in which the 
VIH =—0.5V and the Vi_ remains at —1.7V the midpoint of the 
swing will be at—1.1V versus a—1.32V Vpp reference. Witha 
typical slew rate of 1ps/mV for ECLinPS type edge rates the 
rising input edge delay will be 220ps longer than normal and 
the falling edge delay will be 220ps faster. This results in a 
440ps skew between the two input transitions that would not 
be seen for an ideal switching reference. 


The only means of correcting this skew is to lower the ViL 
leve! to recenter the swing or provide a different switching 
reference for the device. The latter can be accomplished by 
buffering the signal with a differential input device with one 
input tied to an externally generated switching reference. 
Raising the Vi, level is not recommended due to the obvious 
loss of low end noise margin accompanied by any such shift. 


10H and MOSAIC III are trademarks of Motorola, Inc. 


Conclusions 


Simulations show that forward bias levels of <6é00mV on the 
input transistor will keep the input transistor in the active 
region and the performance of the device will not be 
compromised. This forward bias voltage can be increased 
with varying degrees of performance degradation to levels 
somewhat higher than 600mV. Initial effects will be an 
increase in the ljjy Current and a decrease in the output VoL 
level on the QB output of the input gate. As the forward bias 
increases further the propagation delays through the device 
will be adversely affected. 


The following example will outline the use of the table in the 
appendix to analyze the potential performance of a design 
using non-standard Vij levels. If a design called for the 
10E112 and the 10E416 to be driven by a—0.2V input signala 
designer would want to know if these two devices would 
perform to specifications under these conditions. From the 
table the worst case collector voltage Vc would be -1.05V and 
0.0V respectively. Subtracting these values from —0.2V yields 
forward bias voltages of 850mV and —200mV respectively. 
From this information the designer would conclude that the 
10E416 will function with no problems however the 10E112 
could suffer performance degradation under these same 
conditions. 


The device information contained in the appendix of this 
document will provide designers with all of the information 
necessary to evaluate the input transistor forward bias 
conditions for all of the ECLinPS devices for different input 
voltages. With these numbers and the information provided in 
this document designers will be able to make informed 
decisions about their designs to meet the performance 
desired at an acceptable level of risk. 
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[once | nat | netics Vc (108 Typical Ve (10E es Case) | Vc (1 oe E Typical) Vo (100E ae Case) 
Device 


E016 
E101 
E104/107 


E111 
E112 


E116 
E122 
E131 


E141 
E142 
E143 
E150 


E151 
E154 
E155 
E156 
E157 


E158 
E160 


E163 
E164 
E166 
E167 
E171 
E175 
E195 
E196 
E212 
E241 
E256 
E336 
E337 
E404 
E416 
E431 
E451 
E452 
E457 





INT = Internal Gate, EXT = External Gate, EF = Emitter Follower Input; SG = Series Gated Input 
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Figure 4. Input and Output Waveforms for Vjy = -0.9 
(VOL =~—1.8; Tpp++ = 215ps; Tpp-— = 225ps; liNH = 42.5uA) 
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Figure 5. Input and Output Waveforms for Vip = -0.5 
(VOL =—1.8; Tpp++ = 204ps; Tpp- — = 207ps; INH = 43.4HA) 
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Figure 6. Input and Output Waveforms for Vj} = —0.4 
(VOL =—1.8; Tpp++ = 201ps; Tpp- — = 206ps; lINH = 46.7H/A) 
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Figure 7. Input and Output Waveforms for Vjy = —0.3 
(VOL = -1.8; Tpp++ = 196ps; Tpp- — = 198ps; INH = 114.81A) 
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Figure 8. Input and Output Waveforms for Vj} = 0.0 
(VOL =—1.8; Tpp++ = 196ps; Tpp- — = 287ps; INH = 912yA) 
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Application Note 


ECL Clock Distribution 
Techniques 


Prepared by 
Todd Pearson 
ECL Applications Engineering 


This application note provides information on system 
design using ECL logic technologies for reducing 
system clock skew over the alternative CMOS and TTL 
technologies. 
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ECL Clock Distribution Techniques 


INTRODUCTION 


The ever increasing performance requirements of today’s 
systems has placed an even greater emphasis on the design 
of low skew clock generation and distribution networks. Clock 
skew, the difference in time between “simultaneous” clock 
transitions within a system, is a major component of the 
constraints which form the upper bound for the system clock 
frequency. Reductions in system clock skew allow designers 
to increase the performance of their designs without having to 
resort to more complicated architectures or more costly, faster 
logic. ECL logic technologies offer a number of advantages for 
reducing system clock skew over the alternative CMOS and 
TTL technologies. 


SKEW DEFINITIONS 


The skew introduced by logic devices can be divided into 
three parts: duty cycle skew, output-to-output skew and 
part-to-part skew. Depending on the specific application, each 
of the three components can be of equal or overriding 
importance. 


Duty Cycle Skew 


The duty cycle skew is a measure of the difference between 
the TPLH and TPHL propagation delays (Figure 1). Because 
differences in TPLH and TpHt will result in pulse width 
distortion the duty cycle skew is sometimes referred to as 
pulse skew. Duty cycle skew is important in applications 
where timing operations occur on both edges or when the duty 
cycle of the clock signal is critical. The later is a common 
requirement when driving the clock inputs of advanced 
microprocessors. 


IN 
OUT 
TPLH TPLH 
PWhi PWig 
fin = fout 


Figure 1. Duty Cycle Skew 


Output-to-Output Skew 


OQutput-to-output skew is defined as the difference between 
the propagation delays of all the outputs of a device. A key 
constraint on this measurement is the requirement that the 
output transitions are identical, therefore if the skew between 
all edges produced by a device is important the 
output-to-output skew would need to be added to the duty 
cycle skew to get the total system skew. Typically the 
output-to-output skew will be smaller than the duty cycle skew 


for TTL and CMOS devices. Because of the near zero duty 
cycle skew of a differential ECL device the output-to-output 
skew will generally be larger. The output-to-output skew is 
important in systems where either a single device can provide 
all of the necessary clocks or for the first level device of a 
nested clock distribution tree. In these two situations the only 
parameter of importance will be the relative position of each 
output with respect to the other outputs on that die. Since 
these outputs will all see the same environmental and process 
conditions the skew will be significantly less than the 
propagation delay windows specified in the standard device 
data sheet. 


IN ————_ 


OUTa 


OUTb 


OUTc 


OUTPUT-TO-OUTPUT SKEW 
Figure 2. Output-to-Output Skew 


Part-to-Part Skew 


The part-to-part skew specification is by far the most difficult 
performance aspect of a device to minimize. Because the 
part-to-part skew is dependent on both process variations and 
variations in the environment the resultant specification is 
significantly larger than for the other two components of skew. 
Many times a vendor will provide subsets of part-to-part skew 
specifications based on  non-varying environmental 
conditions. Care should be taken in reading data sheets to 
fully understand the conditions under which the specified 
limits are guaranteed. If the part-to-part skew is specified and 
is different than the specified propagation delay window for the 
device one can be assured there are constraints on the 
part-to-part skew specification. 


Power supply and temperature variations are major 
contributors to variations in propagation delays of silicon 
devices. Constraints on these two parameters are commonly 
seen in part-to-part skew specifications. Although there are 
situations where the power supply variations could be ignored, 
it is difficult for this author to perceive of a realistic system 
whose devices are all under identical thermal conditions. Hot 
spots on boards or cabinets, interruption in air flow and 
variations in IC density of a board all lead to thermal gradients 
within a system. These thermal gradients will guarantee that 
devices in various parts of the system are under different 
junction temperature conditions. Although it is unlikely that a 
designer will need the entire commercial temperature range, a 
portion of this range will need to be considered. Therefore, a 
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part-to-part skew specified for a single temperature is of little 
use, especially if the temperature coefficient of the 
propagation delay is relatively large. 


For designs whose clock distribution networks lie on a 
single board which utilizes power and ground planes an 
assumption of non-varying power supplies would be a valid 
assumption and a specification limit for a single power supply 
would be valuable. If, however, various pieces of the total 
distribution tree will be on different boards within a system 
there is a very real possibility that each device will see different 
power supply levels. In this case a specification limit for a fixed 
Vcc willbe inadequate for the design of the system. Ideally the 
data sheets for clock distribution devices should include 
information which will allow designers to tailor the skew 
specifications of the device to their application environment. 


SYSTEM ADVANTAGES OF ECL 


Skew Reductions 


ECL devices provide superior performance in all three 
areas of skew over their TTL or CMOS competitors. A skew 
reducing mechanism common to all skew parameters is the 
faster propagation delays of ECL devices. Since, to some 
extent, all skew represent a percentage of the typical delays 
faster delays will usually mean smaller skews. ECL devices, 
especially clock distribution devices, can be operated in either 
single-ended or differential modes. To minimize the skew of 
these devices the differential mode of operation should be 
used, however even in the single-ended mode the skew 
performance will be significantly better than for CMOS or 
TTL drivers. 


IN 
VBBlo VBBnom 


OUT Z 


Figure 3. VgB Induced Duty Cycle Skew 


ECL output buffers inherently show very little difference 
between TpLH and TpH | delays. What differences one does 
see are due mainly to switching reference levels which are not 
ideally centered in the input swing (see Figure 3). For worst 
case switching reference levels the pulse skew of an ECL 
device will still be less than 300ps. If the ECL device is used 
differentially the variation in the switching reference will not 
impact the duty cycle skew as It is not used. In this case the 
pulse skew willbe less than 50ps and can generally be ignored 
in all but the highest performance designs. The problem of 
generating clocks which are capable of meeting the duty cycle 
requirements of the most advanced microprocessors, would 
be a trivial task if differential ECL compatible clock inputs were 
used. TTL and CMOS clock drivers on the other hand have 
inherent differences between the TpLH and TpH delays in 
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addition to the problems with non-centered switching 
thresholds. In devices specifically designed to minimize this 
parameter it generally cannot be guaranteed to anything less 
than ins. 


The major contributors to output-to-output skew is IC layout 
and package choice. Differences in internal paths and paths 
through the package generally can be minimized regardless of 
the silicon technology utilized at the die level, therefore ECL 
devices offer less of an advantage in this area than for other 
skew parameters. CMOS and TTL output performance is tied 
closely to the power supply levels and the stability of the power 
busses within the chip. Clock distribution trees by definition 
always switch simultaneously, thus creating significant 
disturbances on the internal power busses. To alleviate this 
problem multiple power and ground pins are utilized on TTL 
and CMOS clock distribution devices. However even with this 
strategy TTL and CMOS clock distribution devices are limited 
to 500ps — 700ps output-to-output skew guarantees. With 
differential ECL outputs very little if any noise is generated and 
coupled onto the internal power supplies. This coupled with 
the faster propagation delays of the output buffers produces 
output-to-output skews on ECL clock chips as low as 50ps. 


Two aspects of ECL clock devices will lead to significantly 
smaller part-to-part skews than their CMOS and TTL 
competitors: faster propagation delays and delay insensitivity 
to environmental variations. Variations in propagation delays 
with process are typically going to be based on a percentage 
of the typical delay of the device. Assuming this percentage is 
going to be approximately equivalent between ECL, TTL and 
CMOS processes, the faster the device the smaller the delay 
variations. Because state-of-the-art ECL devices are atleast 5 
times faster than TTL and CMOS devices, the expected delay 
variation would be one fifth those of CMOS and TTL devices 
without even considering environmental dependencies. 


The propagation delays of an ECL device are insensitive to 
variations in power supply while CMOS and TTL device 
propagation delays vary significantly with changes in this 
parameter. Across temperature the percentage variation for 
all technologies is comparable, however, again the faster 
propagation delays of ECL will reduce the magnitude of the 
variation. Figure 4 on the following page represents 
normalized propagation delay versus temperature and power 
supply for the three technologies. 


Low Impedance Line Driving 


The clock requirements of today’s systems necessitate an 
almost exclusive use of controlled impedance interconnect. In 
the past this requirement was unique to the performance 
levels associated with ECL technologies, and in fact 
precluded tts use in all but the highest performance systems. 
However the high performance CMOS and TTL clock 
distribution chips now require care in the design and layout of 
PC boards to optimize their performance, with this criteria 
established the migration from these technologies to ECL is 
simplified. In fact, the difficulties involved in designing with 
these “slower” technologies in a controlled impedance 
environment may even enhance the potential of using ECL 
devices as they are ideally suited to the task. 
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Figure 4. Tpp vs Environmental Condition Comparison 


The low impedance outputs and high impedance inputs of 
an ECL device are ideal for driving 50Q to 1302 controlled 
impedance transmission lines. The specified driving 
impedance of ECL is 50Q, however this value is used only for 
convenience sake due to the 50Q impedance of most 
commonly used measurement equipment. Utilizing higher 
impedance lines will reduce the power dissipated by the 
termination resistors and thus should be considered in power 
sensitive designs. The major drawback of higher impedance 
lines (delays more dependent on capacitive loading) may not 
be anissue inthe point to point interconnect scheme generally 
used in low skew clock distribution designs. 


Differential Interconnect 


The device skew minimization aspects of differential ECL 
have already been discussed however there are other system 
level advantages that should be mentioned. Whenever clock 
lines are distributed over long distances the losses in the line 
and the variations in power supply upset the ideal relationship 
between input voltages and switching thresholds. Because 
differential interconnect “carries” the switching threshold 
information from the source to the load the relationship 
between the two is less likely to be changed. In addition for 
long lines the smaller swings of an ECL device produce much 
lower levels of cross-talk between adjacent lines and 
minimizes EMI radiation from the PC board. 


There is a cost associated with fully differential ECL, more 
pins for equivalent functions and more interconnect to be laid 
on a typically already crowded PC board. The first issue ts 
really a non-issue for clock distribution devices. The 
output-to-output and duty cycle skew are very much 
dependent on quiet internal power supplies. Therefore the 
pins sacrificed for the complimentary outputs would otherwise 
have to be used as power supply pins, thus functionality is 
actually gained for an equivalent pin count as the inversion 
function is also available on a differential device. The 
presence of the inverted signal could be invaluable for a 
design which clocks both off the positive and negative edges. 
Figure 5 shows a method of obtaining very low skew (<50ps) 
180° shifted two phase clocks. 


It is true that differential interconnect requires more signals 
to be routed on the PC board. Fortunately with the wide data 
and address buses of today’s designs the clock lines 
represent a small fraction of the total interconnect. The final 
choice as to whether or not to use differential interconnect lies 
in the level of skew performance necessary for the design. It 
should be noted that although single-ended ECL provides less 
attractive skew performance than differential ECL, it does 
provide significantly better performance than equivalent 
CMOS and TTL functions. 











Figure 5. 180° Shifted Two Phase Clocks 


USING ECL WITH POSITIVE SUPPLIES 


It is hard to argue with the clock distribution advantages of 
ECL presented thus far, but it may be argued that except for all 
ECL designs it is too costly to include ECL devices in the 
distribution tree. This claim is based on the assumption that at 
least two extra power supplies are required; the negative VEE 
supply and the negative VTT termination voltage. Fortunately 
both these assumptions are false. PECL (Positive ECL) is an 
acronym which describes using ECL devices with a positive 
rather than negative power supply. It ts important to 
understand that all ECL devices are also PECL devices By 
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using ECL devices as PECL devices on a +5 volt supply and 
incorporating termination techniques which do not require a 
separate termination voltage (series termination, thevenin 
equivalent) ECL can be incorporated in a CMOS or TTL 
design with no added cost. 


The reason for the choice of negative power supplies as 
standard for ECL ts due to the fact that all of the output levels 
and internal switching bias levels are referenced to the Vcc 
rail. tis generally easier to keep the grounds quieter and equal 
potential throughout a system than it is with a power supply. 
Because the DC parameters are referenced tothe Vcc rail any 
disturbances or voltage drops seen on VCC will translate 1:1 to 
the output and internal reference levels. For this reason when 
communicating with PECL between two boards it Is 
recommended that only differential interconnect be used. By 
using differential interconnect Vcc variations within the 
specified range will not in any way affect the performance of 
the device. 


Finally mentioning ECL to a CMOS designer invariably 
conjures up visions of space heaters as their perception of 
ECL is high power. Although tt ts true that the static power of 
ECL is higher than for CMOS the dynamic power differences 
between the technologies narrows as the frequency 
increases. As can be seen in Figure 6 at frequencies as low as 
20MHz the per gate power of ECL is actually less than for 
CMOS. Since clock distribution devices are never static it 
does not make sense to compare the power dissipation of the 
two technologies in a static environment. 


20 
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Figure 6. ICC/Gate vs Frequency Comparison 


MIXED SIGNAL CLOCK DISTRIBUTION 


ECL Clock Distribution Networks 


Clock distribution in a ECL system ts a relatively trivial 
matter. Figure 7 illustrates a two level clock distribution tree 
which produces nine differential ECL clocks on six different 
cards. The ECLinPS E211 device gives the flexibility of 
disabling each of the cards individually. In addition the 
synchronous registered enables will disable the device only 
when the clock ts already in the LOW state, thus avoiding the 
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problem of generating runt pulses when an asynchronous 
disable is used. The device also provides a muxed clock input 
for incorporating a high speed system clock and a lower speed 
test or scan clock within the same distribution tree. The 
ECLinPS E111 device is used to receive the signals from the 
backplane and distribute it on the card. The worst case skew 
between all 54 clocks in this situation would be 275ps 
assuming that all the loads and signal traces are equalized. 





Figure 7. ECL Clock Distribution Tree 


Mixed Technology Distribution Networks 


Building clock networks in TTL and CMOS systems can bea 
litle more complicated as there are more alternatives 
available. For simple one level distribution trees fanout 
devices like the MECL 10H645 1:9 TTL to TTL fanout tree can 
be used. However as the number of levels of fanout increases 
the addition of ECL devices in an other wise TTL or CMOS 
system becomes attractive. In Figure 8 on the next page an 
E111 device is combined with a MECL H641 device to produce 
81 TTL level clocks. Analyzing the skew between the 81 
clocks yields a worst case skew, allowing for the full 
temperature and Vcc range variation, of 1.25ns. Under ideal 
situations, no variation in temperature or VCc supply, the skew 
would be only 750ps. When compared with distribution trees 
utilizing only TTL or CMOS technologies these numbers 
represent =50% improvement, more if the environmental 
conditions vary to any degree. For a 50MHz clock the total 
skew between the 81 TTL clocks is less than 6.5% of the clock 
period, thus providing the designer extra margin for layout 
induced skew to meet the overall skew budget of the design. 


Many designers have already realized the benefits of ECL 
clock distribution trees and thus are implementing them in 
their designs. Furthermore where they have the capability, i.e. 
ASICs, they are building their VLSI circuits with ECL 
compatible clock inputs. Unfortunately other standard VLSI! 
circuits such as microprocessors, microprocessor support 
chips and memory still cling to TTL or CMOS clock inputs. Asa 
result many systems need both ECL and TTL clocks within the 
same system. Unlike the situation outlined in Figure 8 the ECL 
levels are not merely intermediate signals but rather are 
driving the clock inputs of the logic. As a result the ECL edges 
need to be matched with the TTL edges as picturedin Figure 9. 
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Figure 9. Mixed ECL and TTL Distribution 


An ECL clock driver will be significantly faster than a TTL or 
CMOS equivalent function. Therefore to de-skew the ECL and 
TTL signals of Figure 9 a delay needs to be added to the input 
of the ECL device. Because a dynamic delay adjust would not 
lend itself to most production machines a static delay would be 
used. The value of the delay element would be a best guess 


estimate of the differences in the two propagation delays. Itis 
highly unlikely that the temperature coefficients of the 
propagation delays of the ECL devices, TTL devices and 
delay devices would be equal. Although these problems will 
add skew to the system, the resultant total skew of the 
distribution network will be less than if no ECL chips 
were used. 


PLL Based Clock Drivers 


A potential solution for the problem outlined in Figure 9 is in 
the use of phase locked loop based clock distribution chips. 
Because these devices feedback an output and lock it to a 
reference clock input the delay differences between the 
various technology output buffers will be eliminated. One 
might believe that with all of the euphoria surrounding the 
performance of PLL based clock distribution devices that the 
need for any ECL in the distribution tree will be eliminated. 
However when analyzed further the opposite appears to be 
the case. 


For a single board design with a one level distribution 
system there obviously is no need for ECL. When, however, a 
multiple board system is required where nested levels of 
devices are needed ECL once again becomes useful. One 
major aspect of part-to-part skew for PLL based clock chips 
often overlooked is the dependence on the skew of the various 
reference clocks being locked to. As can be seen in Figure 10 
the specified part-to-part skew of the device would necessarily 
need to be added to the reference clock skew to get the overall 
skew of the clock tree. From the arguments presented earlier 
this skew will be minimized if the reference clock is distributed 
in ECL. It has not been shown as of yet where a PLL based 
ECL clock distribution chip can provide the skew performance 
of the simple fanout buffer. From a system standpoint the 
buffer type circuits are much easier to design with and thus 
given equivalent performance would represent the best 
alternative. The extra features provided by PLL based chips 
could all be realized if they were used in only the final stage of 
the distribution tree. 


The MC88LV970 is a PLL based clock driver which features 
differential PECL reference clock inputs. When combined with 
the very low skew MC10E111 fanout buffer, very low skew 
clock trees can be realized for multiprocessor MPP designs. 
There will be a family of devices featuring various technology 
compatible inputs and outputs to allow for the building of 
precisely aligned clock trees based on either ECL, TTL, 
CMOS or differential GTL (or a mixture of all four) 
compatible levels. 
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Figure 10. System Skew For PLL Clock Distribution 
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Conclusion 


The best way to maximize the performance of any 
synchronous system Is to spend the entire clock period 
performing value added operations. Obviously any portion of 
the clock period spent idle due to clock skew limits the 
potential performance of the system. Using ECL technology 
devices In clock distribution networks will minimize all aspects 
of skew and thus maximize the performance of a system. 
Unfortunately the VLSI! world is not yet ECL clock based so 
that the benefits of a totally ECL based distribution tree cannot 
be realized for many systems. However there are methods of 
incorporating ECL into the intermediate levels of the tree to 
significantly reduce the overall skew. In addition the system 
designers can utilize their new found knowledge to 
incorporate ECL compatible clocks on those VLSI chips of 
which they have control while at the same time pressuring 
other VLSI! vendors in doing the same so that future designs 
can enjoy fully the advantages of'distributing clocks with ECL. 
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Designing With PECL (ECL at +5.0V) 
The High Speed Solution for the CMOS/TTL Designer 


Introduction 


PECL, or Positive Emitter Coupled Logic, is nothing more 
than standard ECL devices run off of a positive power supply. 
Because ECL, and therefore PECL, has long been the “black 
magic” of the logic world many misconceptions and 
falsehoods have arisen concerning its use. However, many 
system problems which are difficult to address with TTL or 
CMOS technologies are ideally suited to the strengths of ECL. 
By breaking through the wall of misinformation concerning the 
use of ECL, the TTL and CMOS designers can arm 
themselves with a powerful weapon to attack the most difficult 
of high speed problems. 


It has long been accepted that ECL devices provide the 
ultimate in logic speed; it is equally well known that the price 
for this speed is a greater need for attention to detail in the 
design and layout of the system PC boards. Because this 
requirement stems only from the speed performance aspect of 
ECL devices, as the speed performance of any logic 
technology increases these same requirements will hold. As 
can be seen in Table 1 the current state-of-the-art TTL and 
CMOS logic families have attained performance levels which 
require controlled impedance interconnect for even relatively 
short distances between source and load. As a result system 
designers who are using state-of-the-art TTL or CMOS logic 
are already forced to deal with the special requirements of 
high speed logic; thus it is a relatively small step to extend their 
thinking from a TTL and CMOS bias to include ECL devices 
where their special characteristics will simplify the design 
task. 


Table 1. Relative Logic Speeds 


Logic 
Family 


10KH 


Typical Output 
Rise/Fall 


Maximum Open Line 
Length (emax)* 
3" 


ECLinPS 
FAST 
FACT 


* Approximate for stripline interconnect (Lmax = T;/2T pd) 


System Advantages of ECL 


The most obvious area to incorporate ECL into an 
otherwise CMOS/TTL design would be for a subsystem which 
requires very fast data or signal processing. Although this is 
the most obvious it may also be the least common. Because of 
the need for translation between ECL and CMOS/TTL 
technologies the performance gain must be greater than the 
overhead required to translate back and forth between 
technologies. With typical delays of six to seven nanoseconds 





for translating between technologies, a significant portion of 
the logic would need to be realized using ECL for the overall 
system performance to improve. However, for very high speed 
subsystem requirements ECL may very well provide the best 
system solution. 


Transmission Line Driving 


Many of the inherent features of an ECL device make it ideal 
for driving long, controlled impedance lines. The low 
impedance of the open emitter outputs and high input 
impedance of any standard ECL device make tt ideally suited 
for driving controlled impedance lines. Although designed to 
drive 50Q lines an ECL device is equally adept at driving lines 
of impedances of up to 130Q without significant changes in the 
AC characteristics of the device. Although some of the newer 
CMOS/TTL families have the ability to drive 50Q lines many 
require special driver circuits to supply the necessary currents 
to drive low impedance transmission interconnect. In addition 
the large output swings and relatively fast output slew rates of 
today’s high performance CMOS/TTL devices exacerbate the 
problems of crosstalk and EMI radiation. The problems of 
crosstalk and EMI radiation, along with common mode noise 
and signal amplitude losses, can be alleviated to a great 
degree with the use of differential interconnect. Because of 
their architectures, neither CMOS nor TTL devices are 
capable of differential communication. The differential 
amplifier input structure and complimentary outputs of ECL 
devices make them perfectly suited for differential 
applications. As a result, for systems requiring signal 
transmission between several boards, across relatively large 
distances, ECL devices provide the CMOS/TTL designer a 
means of ensuring reliable transmission while minimizing EMI 
radiation and crosstalk. 


Figure 1 shows a typical application in which the long line 
driving, high bandwidth capabilities of ECL can be utilized. 
The majority of the data processing is done on wide bit width 
words with a clock cycle commensurate with the bandwidth 
capabilities of CMOS and TTL logic. The parallel data is then 
serialized into a high bandwidth data stream, a bandwidth 
which requires ECL technologies, for transmission across a 
long line to another box or machine. The signal is received 
differentially and converted back to relatively fow speed 
parallel data where it can be processed further in CMOS/TTL 
logic. By taking advantage of the bandwidth and line driving 
capabilities of ECL the system minimizes the number of lines 
required for interconnecting the subsystems without 
sacrificing the overall performance. Furthermore by taking 
advantage of PECL this application can be realized with a 
single five volt power supply. The configuration of Figure 1 
illustrates a situation where the mixing of logic technologies 
can produce a design which maximizes the overall 
performance while managing power dissipation and 
minimizing cost. 
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ECL Serial Data 
>200MHz 








Serial/Parallel 
Conversion 


Low Frequency 
Information Processing 


Parallel/Serial 
Conversion 





ECL Serial Data 
>200MHz 


Figure 1. Typical Use of ECL’s High Bandwidth, Line Driving Capabilities 


Clock Distribution 


Perhaps the most attractive area for ECL in CMOS/ TTL 
designs is in clock distribution. The ever increasing 
performance capabilities of today’s designs has placed an 
even greater emphasis on the design of low skew clock 
generation and distribution networks. Clock skew, the 
difference in time between "simultaneous” clock transitions 
throughout an entire system, is a major component of the 
constraints which form the upper bound for the system clock 
frequency. Reductions in system clock skew allow designers 
to increase the performance of their designs without having to 
resort to more complicated architectures or costly, faster logic. 
ECL logic has the capability of significantly reducing the clock 
skew ofa system over an equivalent design utilizing CMOS or 
TTL technologies. 


The skew introduced by a logic device can be broken up into 
three areas; the part-to-part skew, the within-part skew and 
the rise-to-fall skew. The part-to-part skew is defined as the 
differences in propagation delays between any two devices 
while the within-device skew is the difference between the 
propagation delays of similar paths for a single device. The 
final portion of the device skew is the rise-to-fall skew or simply 
the differences in propagation delay between a rising input 
and a failing input on the same gate. The within-device skew 
and the rise-to-fall skew combine with delay variations due to 
environmental conditions and processing to comprise the 
part-to-part skew. The part-to-part skew is defined by the 
propagation delay window described in the device data 
sheets. 


Careful attention to die layout and package choice will 
minimize within-device skew. Although this minimization is 
independent of technology, there are other characteristics of 
ECL which will further reduce the skew of a device. Unlike their 
CMOS/TTL counterparts, ECL devices are relatively 
insensitive to variations in supply voltage and temperature. 
Propagation delay variations with environmental conditions 


must be accounted for in the specification windows of a 
device. As a result because of ECLs AC stability the delay 
windows for a device will inherently be smaller than similar 
CMOS or TTL functions. 


The virtues of differential interconnect in line driving have 
already been addressed, however the benefits of differential 
interconnect are even more pronounced in clock distribution. 
The propagation delay of a signal through a device is 
intimately tied to the switching threshold of that device. Any 
deviations of the threshold from the center of the input voltage 
swing will increase or decrease the delay of the signal through 
the device. This difference will manifest itself as rise-to-fall 
skew in the device. The threshold levels for both CMOS and 
TTL devices are a function of processing, layout, temperature 
and other factors which are beyond the control of the system 
level designer. Because of the variability of these switching 
references, specification limits must be relaxed to guarantee 
acceptable manufacturing yields. The level of relaxation of 
these specifications increases with increasing logic depth. As 
the depth of the logic within a device increases the input signal 
will switch against an increasing number of reference levels; 
each encounter will add skew when the reference level is not 
perfectly centered. These relaxed timing windows add directly 
to the overall system skew. Differential ECL, both internal and 
external to the die, alleviates this threshold sensitivity as a DC 
switching reference is no longer required. Without the need for 
a switching reference the delay windows, and thus system 
skew, can be significantly reduced while maintaining 
acceptable manufacturing yields. 


What does this mean to the CMOS/TTL designer? It means 
that CMOS/TTL designers can build their clock generation 
card and backplane clock distribution using ECL. Designers 
will not only realize the benefits of driving long lines with ECL 
but will also be able to realize clock distribution networks with 
skew specs unheard of in the CMOS/TTL world. Many 
specialized functions for clock distribution are available from 
Motorola (MC10/100E111, MC10/100E211, MC10/100EL11). 
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Care must be taken that all of the skew gained using ECL for 
clock distribution is not lost in the process of translating 
into CMOS/TTL levels. To alleviate this problem the 
MC10/100H646 can be used to translate and fanout a 
differential ECL input signal into TTL levels. In this way all of 
the fanout on the backplane can be done in ECL while the 
fanout on each card can be done tn the CMOS/TTL levels 
necessary to drive the logic. 


Figure 2 illustrates the use of specialized fanout buffers to 
design a CMOS/TTL clock distribution network with minimal 
skew. With 50ps output-to-output skew of the MC10/100E111 
and 1ns part-to-part skew available on the MC10/100H646 or 
MC10/100H641, a total of 72 or 81 TTL clocks, respectively, 
can be generated with a worst case skew between all outputs 
of only 1.05ns. A similar distribution tree using octal CMOS or 
TTL buffers would result in worst case skews of more than 
6ns. This 5ns improvement in skew equates to about 50% of 
the up/down time of a SOMHz clock cycle. It is not difficult to 
imagine situations where an extra 50% of time to perform 
necessary operations would be either beneficial or even a life 
saver. For more information about using ECL for clock 
distribution, refer to application note AN1405/D — ECL Clock 
Distribution Techniques. 


Part-Part 
Skew = ins 







Output-Output TTL 
Skew = 50ps Outputs 
-_ 
5 
a 
Differential = 
ECL Input 2 
2 
fan) 
TTL 
Outputs 


Figure 2. Low Skew Clock Fanout Tree 


PECL versus ECL 


Nobody will argue that the benefits presented thus far are 
not attractive, however the argument will be made that the 
benefits are not enough to justify the requirements of including 
ECL devices in a predominantly CMOS/TTL design. After all 
the inclusion of ECL requires two additional negative voltage 
supplies; VEE andtheterminatingvoltage VTT. Fortunately this 
is where the advantages of PECL come into play. By using 
ECL devices on a positive five volt CMOS/TTL power supply 
and using specialized termination techniques ECL logic can 
be incorporated into CMOS/TTL designs without the need for 
additional power supplies. What about power dissipation you 
ask, although it is true that in a DC state ECL will typically 
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dissipate more power than a CMOS/TTL counterpart, in 
applications which operate continually at frequency, i.e.. clock 
distribution, the disparity between ECL and CMOS/TTL power 
dissipation is reduced. The power dissipation of an ECL 
device remains constant with frequency while the power of a 
CMOS/TTL device will increase with frequency. As 
frequencies approach 50MHz the difference between the 
power dissipation of aCMOS or TTL gate and an ECL gate will 
be minimal. 50MHz clock speeds are becoming fairly common 
in CMOS/TTL based designs as today’s high performance 
MPUs are fast approaching these speeds. In addition, 
because ECL output swings are significantly less than those 
of CMOS and TTL the power dissipated in the load will be 
significantly less under continuous AC conditions. 


It is clear that PECL can be a powerful design tool for 
CMOS/TTL designers, but where can one get these PECL 
devices. Perhaps the most confusing aspect of PECL is the 
misconception that a PECL device is a special adaptation of 
an ECL device. In reality every ECL device is also a PECL 
device; there is nothing magical about the negative voltage 
supply used for ECL devices. The only real requirement of the 
power supplies is that the potential difference described in the 
device data sheets appears across the upper and lower power 
supply rails (Vcc and VEE respectively). A potential stumbling 
block arises in the specified VEE levels for the various ECL 
families. The 10H and 100K families specify parametric values 
for potential differences between Vcc and VEE of 4.94V to 
5.46V and 4.2V to 4.8V respectively; this poses a problem for 
the CMOS/TTL designer who works with a typical Vcc of 5.0V 
+5%. However, because both of these ECL standards are 
voltage compensated both families will operate perfectly fine 
and meet all of the performance specifications when operated 
on standard CMOS/TTL power supplies. In fact, Motorola is 
extending the VEE specification ranges of many of their ECL 
families to be compatible with standard CMOS/TTL power 
supplies. Unfortunately earlier ECL families such as MECL 
10K™ are not voltage compensated and therefore any 
reduction in the potential difference between the two supplies 
willresultin an increase inthe Vo, level, and thus a decreased 
noise margin. For the typical CMOS/TTL power supplies a 
10K device will experience an ~5OmV increase in the VoL 
level. Designers should analyze whether this loss of noise 
margin could jeopardize their designs before implementing 
PECL formatted 10K using 5.0V + 5% power supplies. 


The traditional choice of a negative power supply for ECL is 
the result of the upper supply rail being used as the reference 
for the 1/0 and internal switching bias levels of the technology. 
Since these critical parameters are referenced to the upper rail 
any noise on this rail will couple 1:1 onto them; the result will be 
reduced noise margins in the design. Because, in general, itis 
a simpler task to keep a ground rail relatively noise free, itis 
beneficial to use the ground rail as this reference. However 
when careful attention is paid to the power supply design, 
PECL can be used to optimize system performance. Once 
again the use of differential PECL will simplify the designer’s 
task as the noise margins of the system will be doubled and 
any noise riding on the upper Vcc rail will appear as common 
mode noise; common mode noise will be rejected by the 
differential receiver. 
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MECL to PECL DC Level Conversion 


Although using ECL on positive power supplies is feasible, 
as with any high speed design there are areas in which special 
attention should be placed. When using ECL devices with 
positive supplies the input output voltage levels need to be 
translated. This translation is a relatively simple task. Since 
these levels are referenced off of the most positive rail, Voc, 
the following equation can be used to calculate the various 
specified DC levels for a PECL device: 


PECL Level = VCCNEW — |Specification Level 


As an example, the VoHMAX level fora 10H device operating 
with a Vcc of 5.0V at 25°C would be as follows: 


PECL Level = 5.0V — I-0.81VI 
PECL Level = (5.0 — 0.81)V = 4.19V 


The same procedure can be followed to calculate all of the DC 
levels, including VBp for any ECL device. Table 2 at the bottom 
of the page outlines the various PECL levels fora Vcc of 5.0V 
for both the 10H and 100K ECL standards. As mentioned 
earlier any changes in Vcc will show up 1:1 on the output DC 
levels. Therefore any tolerance values for Vcc can be 
transferred to the device I/O levels by simply adding or 
subtracting the Vcc tolerance values from those values 
provided in Table 2. 


PECL Termination Schemes 


PECL outputs can be terminated in all of the same ways 
standard ECL, this would be expected since an ECL and a 
PECL device are one in the same. Figure 3 illustrates the 
various output termination schemes utilized in typical ECL 
systems. For best performance the open line technique in 
Figure 3 would not be used except for very short interconnect 
between devices; the definition of short can be found in the 
various design guides for the different ECL families. In general 
for the fastest performance and the ability to drive distributive 
loads the parallel termination techniques are the best choice. 
However occasions may arise where a long uncontrolled or 
variable impedance line may need to be driven; in this case the 
series termination technique would be appropriate. For amore 


Table 2. ECL/PECL DC Level Conversion for Vcc = 5.0V 













Yona | — | 
ie i ee 





10E Characteristics 


| Max | | Max a 

i ee ee Bee eee 

oe ie eee 

IH 
IL 
BB 


Vin -1.17/3.83 | -084/4.16 | -1.13/3.87 | -081/4.19 | -1.07/3.93 | -0 735/4.265 | —1.165/3.835 | -0 880/4.120 
Vit | -1.95/3.05 | -1.48/352 | -1.95/305 | -148/3.52 | -1.95/3.05 |-1 450/3 550 | -1.810/3.190 | -1.475/3.525 
~1.38/3.62 | -1.27/3.73 | -1.35/365 | -1.25/3.75 | -1.31/369 | -1.190/3.810 | -1.380/3.620 | -1.260/3.740 


thorough discourse on when and where to use the various 
termination techniques the reader Is referred to the MECL 
System Design Handbook (HB205/D) and the design guide in 
the ECLinPS Databook (DL140/D). The parallel termination 
scheme of Figure 3 requires an extra VTT power supply for the 
impedance matching load resistor. In a system which is built 
mainly in CMOS/TTL this extra power supply requirement 
may prohibit the use of this technique. The other schemes of 
Figure 3 use only the existing positive supply and ground and 
thus may be more attractive for the CMOS/ TTL based 
machine. 


Parallel Termination Schemes 


Because the techniques using an extra VTT power supply 
consume significantly less power, as the number of PECL 
devices incorporated in the design increases the more 
attractive the VTT supply termination scheme becomes. 
Typically ECL is specified driving 50Q into a —2.0V, therefore 
for PECL with a Vcc supply different than ground the V7T 
terminating voltage will be Voc — 2.0V. Ideally the V7 supply 
would track 1:1 with Voc, however in theory this scenario is 
highly unlikely. To ensure proper operation of a PECL device 
within the system the tolerances of the V77T and the Vcc 
supplies should be considered. Assume for instance that the 
nominal case is for a 50Q load (Rt) into a +3.0V supply; fora 
10H compatibledevice witha V QHmax of -0.81V anda realistic 
VOLmin of -1 .85V the following can be derived: 


IOHmax = (VOHmax — VTTV/Rt 
lOHmax = ({5.0 — 0.81} — 3.0)/50 = 23.8mMA 


lOLmin = (VOLmin — VtT)/Rt 
lOLmin = ({5.0 — 0.81} — 3.0)/50 = 3.0mA 


lf+5% supplies areassumedaVccofVCCnom—5% andaVTT 
of VrTnom +5% will represent the worst case. Under these 
conditions, the following output currents will result: 


lIOLmin = ({4.75 — 1.85} — 3.15)/50 = OMA 


Using the other extremes for the supply voltages yields: 


lOHmax = 31.8mA 
lOLmin =11mA 





100E Characteristics 
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Figure 3. Termination Techniques for ECL/PECL Devices 


The changes in the IOH currents will affect the DC VoH 
levels by =440mV at the two extremes. However in the vast 
majority of cases the DC levels for ECL devices are well 
centered in their specification windows, thus this variation will 
simply move the level within the valid specification window 
and no loss of worst case noise margin will be seen. The lo. 
situation on the other hand does pose a potential AC problem. 
In the worst case situation the output emitter follower could 
move into the cutoff state. The output emitter followers of ECL 
devices are designed to be in the conducting “on” state at all 
times. If cutoff, the delay of the device will be increased due to 
the extra time required to pull the output emitter follower out of 
the cutoff state. Again this situation will arise only under a 
number of simultaneous worst case situations and therefore is 
highly unlikely to occur, but because of the potential it should 
not be overlooked. 


Thevenin Equivalent Termination Schemes 


The Thevenin equivalent parallel termination technique of 
Figure 3 is likely the most attractive scheme for the 
CMOS/TTL designer who is using a small amount of ECL. As 
mentioned earlier this technique will consume more power, 
however the absence of an additional power supply will more 
than compensate for the extra power consumption. In 
addition, this extra power is consumed entirely in the external 
resistors and thus will not affect the reliability of the IC. As is 
the case with standard parallel termination, the tolerances of 
the VT7T and Vcc supplies should be addressed In the design 
phase. The following equations provide a means of 
determining the two resistor values and the resulting 
equivalent V77 terminating voltage. 


R1 = R2 ({Vec - VITMVTT - Vee} 
R2 = Zo (Vcc — VEEV{Vcc — VTT}) 
VTT = Voc (R2/{R1 + R2}) 
For the typical setup: 
Vcc = 5.0V; VEE = GND; VT = 3.0V; and Zo = 502 


R2 = 50 ({5 — 0}/{5-3}) = 1252 
R1 = 125 ({5-3}/{3-0}) = 83.32 


checking for V77 
Vit = 5 (125/{125 — 83.3}) = 3.0V 


Because of the resistor divider network used to generate 
VTT the variation in V will be intimately tied to the variation in 
Vcc. Differentiating the equation for VTT7 with respect to Vcc 
yields: 


dVtt/dVcc = R2/(R1 + R2) dVcc 

Again for the nominal case this equation reduces to: 
AVTT =0.6 AVCC 

So that for AVCc = +5% = +0.25V, AVTT = +0.15V. 


As mentioned previously the real potential for problems will 
be if the Voi level can potentially put the output emitter 
follower into cutoff. Because of the relationship between the 
Vcc and VTT levels the only situation which could present a 
problem will be for the lowest value of Vcc. Applying the 
equation for IOLmin under this condition yields: 


1OLmin = (YVOLmin -— VTTYRt 
loLmin = ({4.75 — 1.85} -2.85)/50 = 1.0mA 


From this analysis it appears that there is no potential for the 
output emitter follower to be cutoff. This would suggest that the 
Thevenin equivalent termination scheme is actually a better 
design to compensate for changes in VCc due to the fact that 
these changes will affect V7, although not 1:1 as would be 
ideal, inthe same way. To make the design even more immune 
to potential output emitter follower cutoff the designer can 
design for nominal operation for the worst case situation. 
Since the designer has the flexibility of choosing the VTT level 
via the selection of the R1 and R2 resistors the following 
procedure can be followed. 


Let Vcc = 4.75V and Vtt = Voc - 2.0V = 2.75V 
Therefore: 


R2 = 119Q and R1 = 86Q thus: 
lOHmax = 23mA and lIOLmin =3.0mA 


Plugging in these values for the equations at the other extreme 
for Voc = 5.25V yields: 
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VIT = 3.05V, lOHmax = 28mA and lOLmin =5.2mA 


Although the output currents are slightly higher than nominal, 
the potential for performance degradation is much less and 
the results of any degradation present will be significantly less 
dramatic than would be the case when the output emitter 
follower is cutoff. Again in most cases the component 
manufactures will provide devices with typical output levels; 
typical levels significantly reduces any chance of problems. 
However it is important that the system designer is aware of 
where any potential problems may come from so they can be 
dealt with during the initial design. 


Differential ECL Termination 


Differential ECL outputs can be terminated using two 
different strategies. The first strategy is to simply treat the 
complimentary outputs as independent lines and terminate 
them as previously discussed. For simple interconnect 
between devices on a single board or short distances across 
the backplane this is the most common method used. For 
interconnect across larger distances or where a controlled 
impedance backplane is not available the differential outputs 
can be distributed via twisted pair of ribbon cable (use of 
ribbon cable assumes every other wire is a ground so that a 
characteristics impedance will arise). Figure 4 illustrates 
common termination techniques for twisted pair/ribbon cable 
applications. Notice that Thevenin equivalent termination 
techniques can be extended to twisted pair and ribbon cable 
applications as pictured in Figure 4. However for twisted 
pair/ribbon cable applications the standard termination 
technique picture in Figure 4 is somewhat simpler and also 
does not require a separate termination voltage supply. If 
however the Thevenin techniques are necessary for a 
particular application the following equations can be used: 


R1 + R2=Z0/2 
R3 = R1 (Vt7 - VEE)(VOH + VOL - 2VTT) 
Vit = (R3{VOoH + VOL} + R1I{VEE})/(R1 + 2R3) 


where VOH, VOL, VEE and VTT are PECL voltage levels. 


Plugging in the various values for Vcc will show that the VT7 
tracks with Vcc ata rate of approximately 0.7:1. Although this 
rate is approaching ideal it would still behoove the system 
designer to ensure there are no potential situations where the 
output emitter follower could become cutoff. The calculations 
are similar to those performed previously and will not be 
repeated. 


Noise and Power Supply Distribution 


Since ECL devices are top rail referenced it is imperative 
that the Vcc rail be kept as noise free and variation free as 
possible. To minimize the Vcc noise of a system liberal 
bypassing techniques should be employed. Placing a bypass 
capacitor of0.01uF to0.1F onthe Vcc pin of every device will 
help to ensure a noise free Vcc supply. In addition when using 


PECL in asystem populated heavily with CMOS and TTL logic 
the two power supply planes should be isolated as much as 
possible. This technique will help to keep the large current 
spike noise typically seen in CMOS and TTL drivers from 
coupling into the ECL devices. The ideal situation would be 
multiple power planes; two dedicated to the PECL Vcc and 
ground and the other two to the CMOS/TTL Vcc and ground. 
However if these extra planes are not feasible due to board 
cost or board thickness constraints common planes with 
divided subplanes can be used (Figure 5). In either case the 
planes or sub planes should be connected to the system 
power via separate paths. Use of separate pins of the board 
connectors is one example of connecting to the system 
supplies. 





Standard Twisted Pair Termination 


VIT 
Rt 


Rt 
Rt = ZQ/2 


Parallel Twisted Pair Termination 





Thevenin Twisted Pair Termination 


Figure 4. Twisted Pair Termination Techniques 


For single supply translators or dual supply translators 
which share common power pins the package pins should be 
connected to the ECL Vcc and ground planes to ensure the 
noise introduced to the part through the power plane is 
minimal. For translating devices with separate TTL and ECL 
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* — Low frequency bypass at the 
board input 
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individual device level 


CMOS/TTL +5.0V PLANE 
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ECL 
Sub System 


PECL GROUND PLANE 


Figure 5. Power Plane Isolation in Mixed Logic Systems 


power supply pins, the pins should be tied to the appropriate 
power planes. 


Another concern is the interconnect between two cards with 
separate connections to the Vcc supply. If the two boards are 
at the opposite extremes of the Vcc tolerance, with the driver 
being at the higher limit and the receiver at the lower limit, 
there is potential for soft saturation of the receiver input. Soft 
saturation will manifest itself as degradation in AC 
performance. Although this scenario is unlikely, again the 
potential should be examined. For situations where this 
potential exists there are devices available which are less 
susceptible to the saturation problem. This variation in Vcc 
between boards will also lead to variations in the input 
switching references. This variation will lead to switching 
references which are not ideally centered in the input swing 
and cause rise/fall skew within the receiving device. Obviously 
the later skew problem can be eliminated by employing 
differential interconnect between boards. 


When using PECL to drive signals across a backplane, 
situations may arise where the driver and the receiver are on 
different power supplies. A potential problem exists if the 
receiver is powered down independent of the driver. Figure 6 
(on the following page) represents a generic driver/receiver 
pair. From Figure 6, one can see if the receiver is powered 
down and presents a path to ground through its Vcc pin while 
the driver is still powered at +5.0V the base/collector junction 
of the input transistor of the receiver will be forward biased and 
conduct current. Although the collector load resistor will limit 
the current in the situation of Figure 6, the current may still be 
enough to damage the junction or exceed the current handling 
capability of the base electrode metal stripe. Either of these 
situations could lead to degradation of the reliability of the 


devices. Because different devices have different ESD 
protection schemes, and input architectures, the extent of the 
potential problem will vary from device to device. 


Another issue that arises in driving backplanes is situations 
where the input signals to the receiver are lost and present an 
open input condition. Many differential input devices will 
become unstable in this situation, however, most of the newer 
designs, and some of the older designs, incorporate internal 
clamp circuitry to guarantee stable outputs under open input 
conditions. All of the ECLinPS (except for the E111), ECLinPS 
Lite, and H600 devices, along with the MC 10125, 10H125 and 
10114 will maintain stable outputs under open input 
conditions. 


Conclusion 


The use of ECL logic has always been surrounded by 
clouds of misinformation; none of those clouds have been 
thicker than the one concerning PECL. By breaking through 
this cloud of misinformation the traditional CMOS/TTL 
designers can approach system problems armed with a 
complete set of tools. For areas within their designs which 
require very high speed, the driving of long, low impedance 
lines or the distribution of very low skew clocks, designers can 
take advantage of the built in features of ECL. By incorporating 
this ECL logic using PECL methodologies this inclusion need 
not require the addition of more power supplies to 
unnecessarily drive up the cost of their systems. By following 
the simple guidelines presented here CMOS/TTL designers 
can truly optimize their designs by utilizing ECL logic in areas 
in which they are ideally suited. Thus bringing to market 
products which offer the ultimate in performance at the lowest 
possible cost. 
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Figure 6. Generic Driver/Receiver Pair 
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Application Note 


ECLinPS™ I/O SPICE 
Modelling Kit 


Prepared by 
Todd Pearson 
ECLinPS Applications Engineering 


This application note provides the SPICE information 
necessary to accurately model system interconnect 
situations for high speed ECLinPS designs. The note 
includes information on both the standard ECLinPS 
family, as well as the ECLinPS Lite products. 


ECLinPS and ECLinPS Lite are trademarks of Motorola, Inc 
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ECLinPS I/O SPICE Modelling Kit 


Objective 


The objective of this kit is to provide customers with enough 
circuit schematic and SPICE parameter information to allow 
them to perform system level interconnect modelling for the 
Motorola ECLinPS and ECLinPS Lite logic families. The 
ECLinPS and ECLinPS Lite families are Motorola’s highest 
performance ECL families. With packaged gate delays of 
300ps and output edge rates as low as 175ps these two 
families define the state-of-the-art in ECL logic. This kit is not 
intended to provide the user with the information necessary to 
perform extensive device modelling for any particular 
ECLinPS or ECLinPS Lite device. If users wish to perform the 
latter type of SPICE modelling they are encouraged to contact 
an ECLinPS Applications Engineer to obtain more detailed 
schematics and SPICE parameter information. 


Schematic Information 


The kit contains representative schematics for the different 
I/O circuits used in the ECLinPS and ECLinPS Lite families. In 
addition a worst case package model schematic is included for 
more accurate system level modelling. The package model 
represents the parasitics as they are seen on acorner pin, a 
sizable distance from an AC ground. If more typical values are 
desired a 20% reduction in the capacitance and the 
inductance of the package model can be used. This package 
model should be placed on all external inputs to the input 
gates, all outputs of the output gates and on the Vcc line. If 
desiredthe model can also be placed onthe VEE line, however 
this is not necessary due to the static nature of VEE. 


There is only one schematic, Figure 1, to represent the input 
Structures of the family. For interconnect purposes this one 
schematic will adequately represent all of the ECLinPS 
devices except the differential input devices and the simple 
gates. The schematic in Figure 1 can be modified to represent 
differential devices by simply adding the package model and 
the ESD structure to the “Vgp’” input and using this as the 
inverted signal input. For the simple gates the input gate is 
actually the output gate represented by Figure 2. Therefore 
these devices should be modelled with the circuit of Figure 2 
with the appropriate package model and ESD circuitry from 
Figure 1 added to the schematic. For the devices in the 
ECLinPS Lite family outlined in the appendix whose output 
and input buffers are one in the same the ESD circuitry and 
package models should be added to the appropriate output 
buffer. A list of devices which incorporate this structure is 
included in the appendix of this document. 


There are five basic output structures needed to represent 
both families. The structure in Figure 2 mentioned above 
represents the structure used in the majority of the family, a 
simple 50Q drive output cell. Figures 3 and 4 represent the 
special output functions used in the ECLinPS and ECLinPS 
Lite families. Figure 3 shows the circuit configuration for a 
multiple output device (ie E112). Notice the doubling of the 





gate current necessary to drive the multiple output emitter 
followers. Figure 4 is the typical bidirectional 25Q output 
structure used for the two bus driving functions currently in the 
ECLinPS family. Notice the doubled output emitter follower 
(OEF). This is necessary to provide a small enough VpE to 
produce an acceptable VOH level while providing the current 
necessary for 25Q drive. In addition the collector load resistors 
have been increased to provide a cutoff VoL. Due to the larger 
collector load resistor the gate current is increased 3x to 
reduce the relative size of the collector load resistors so that 
the Ib of the OEF does not produce an |p drop across the 
collector load resistor sufficient to create a marginal VOH. 


The schematics in Figures 5 and 6 represent the bandwidth 
enhanced ECLinPS and ECLinPS Lite devices. Because the 
bandwidth of standard ECLinPS devices are limited by their 
rise and fall times, the bandwidth can be enhanced by simply 
using higher current levels in the output buffers. This added 
current allows the parasitic capacitances of the gate to charge 
and discharge more quickly, thus enhancing the transition 
time performance of the device. Thus far two levels of gate 
current increase have been used to reach two different 
plateaus of performance. The majority of the enhanced 
bandwidth ECLinPS and ECLinPS Lite devices utilize the 2x 
current increase of Figure 4. A full outline of the devices which 
utilize these buffers can be found in the appendix. 


The schematics of Figure 7 represent the temperature 
compensation networks present in the output structures for 
100E devices. The output buffer schematics all reference one 
of the temperature compensation networks. The temperature 
compensation circuitry should be placed as pictured in the 
output buffer schematics with L and R representing left and 
right of the schematic. Obviously for 10E circuit outputs these 
networks can be ignored. Also included in the appendix is the 
package model of Figure 8 and the ESD circuitry of Figure 9. 
The ECLinPS ESD should be added to any input of an 
ECLinPS device being driven by a signal off chip. The 
ECLinPS Lite ESD should be added to both the inputs and 
outputs for any ECLinPS Lite device being modelled. Finally 
the appropriate package model (8-lead SOIC for ECLinPS 
Lite or 28-lead PLCC for ECLinPS) should be included on all 
input and output pins and at least the Vcc power supply. 


Both the typical and multiple output circuits show differential 
inputs and outputs. If the user is simulating a single ended 
device the OEF and associated package model and load 
resistor of the unneeded output should be deleted from the 
schematic. If the user chooses to drive an output cell directly 
instead of using the input cell either of the following two driving 
approaches can be used: 


-12V>-16V | -1.6V>-1.2V | 180ps (20% — 80%) 
-0.9V > -1.75V —1.325V 180ps (20% — 80%) 










= 
bar 
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SPICE Parameter Information 


In addition to the schematics a listing of the SPICE 
parameters for the transistors referenced in the schematics is 
included. These parameters represent a typical device of the 
given transistor size. Varying these parameters will obviously 
affect the voltage levels, the propagation delays, and the 
transition times of a device. For the type of modelling for which 
this information is intended the actual propagation delay of a 
device will not be modelled, as a result variations in this 
parameter are meaningless. Furthermore the voltage levels 
and transition times can be more easily varied by other means. 
This will be addressed in the next section. 


All of the resistors referenced in the schematics are 
polysilicon resistors and thus there is no need to provide 
parasitic capacitance models for these resistors in the netlist. 
The only devices needed in the SPICE netlist are illustrated in 
the schematics. 


Modelling Information 


The bias driver schematics are not included as they were 
deemed unnecessary for interconnect simulation, in addition 
their use also results in a relatively large increase in 
simulation time. Alternatively the internal reference voltages 
(VBB and Vcs) should be driven with ideal constant voltage 
sources. The following table summarizes the voltage levels for 
these internal references as well typical input voltage 
parameters. 


VBB -1.325V 
Vcs VEE 


Data Book 
+50mV 
Data Book 
Data Book 
Data Book 


+ 1.33V 
VIH —0.9V (106); -0.95V (100E) 
VIL -1.75V (10E); -1.7V (100E) 
Rise/Fall 400ps (20% — 80%) 


The schematics and SPICE parameters provided will 
provide a somewhat typical output waveshape which may not 
represent the worst case system situation. Fortunately there 
are some simple adjustments that can be made to the 
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schematics to provide output characteristics at or near the 
corners of the data book specification limits. First to adjust the 
VOH level one simply needs to lower the Vcc value below 
ground by the amount one wishes to alter the VQH level. This 
Vcc adjustment will obviously also result in a change in the 
VOL level. To change the Vo, level independent of the Voy 
level the collector load resistors can be increased or 
decreased depending on the change desired (Note: VQH will 
change slightly due the the IpR drop portion of the VOH level). 
The VoL can also be changed by increasing/decreasing the 
current in the gate via the current source resistor. In addition to 
changing the Vo, level, by increasing/decreasing the gate 
current the output rise and fall times will decrease/increase 
due to the additional current available to charge and discharge 
the stray capacitance on the collectors of the output 
differential pair. If the user would like to adjust the levels and 
transition times of an output gate to represent a corner of the 
guaranteed specification the following sequence should be 
followed: 


1) Adjust the gate current to produce the desired output 
slew rate 

2) Adjust the Vcc for the desired VoH 

3) Adjust the collector load resistor for the desired VoL 


Summary 


The information included in this kit should provide the user 
with all of the information necessary to do SPICE level system 
interconnect modelling. The block diagram of Figure 10 
illustrates the type of situation which can be effectively 
modelled using the ECLinPS I/O SPICE Modelling Kit. The 
schematic information provided in this document is available 
in netlist form through EMAIL or an IBM or Macintosh disk, 
although with today’s advanced design tools it will probably be 
a simpler task to enter the schematics in a good schematic 
capture package than it would be to manipulate the generic 
netlist. If however the netlist are desired, clarification is 
needed or additional information is necessary the user is 
encourage to contact any ECLinPS Application Engineering 
personnel for assistance. 
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Figure 1. Typical Input Schematic 
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Figure 2. Typical Output Schematic 
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Figure 4. 25 © Bus Driver Output 
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Figure 6. 3x Current Output Schematic 
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Figure 7. Temperature Compensation Networks 





ECLinPS Package Model 
(28-lead PLCC) 
RPKG1 RPKG2 
750 Q 750 Q 
INT 
LPKG1 LPKG2 
3.5 nH 3.5 nH 
CPKG 


af 1.5 pF 


ECLinPS Lite Package Model 





(8-lead SOIC) 
RPKG1 RPKG2 
750 Q 750 Q 
EXT INT 
LPKG1 LPKG2 
1.5nH 1.5 nH 
CPKG 


afr 0.8 pF 


Figure 8. Package Model Schematics 
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ECLinPS Lite ESD Circuitry ECLinPS ESD Circuitry 


Vcc INPUT 


TO INPUT 


INET, TRANSISTOR 





RESISTOR Tc = 0.405M, 2.2U 





V 
VEE EE 
Figure 9. ESD Protection Circuitry 
TYPICAL INPUT 
§0 Q 50Q 50 Q (FIG. 1) 
| 6” LINE 3” LINE 10” LINE 
TYPICAL OUTPUT 502 
(FIG. 2) 
VIT 
TYPICAL INPUT TYPICAL INPUT 
(FIG. 1) (FIG. 1) 


Figure 10. Typical Application for /O SPICE Modeling Kit 
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Schematic/ECLinPS Device Cross Reference 


Typical Input Differential Input Combination I/O (Gates) 


ECLinPS 


E016, E131, £141, £142, £101, £104, E107, | E111, £451, E195, E196, E404, E416, £431, | £101, E104, E107, E112, E116, £122, E150 
E112, E143, E150 (LEN, MR), E116, £122, E452, £457, E211 (D), £158 (D), E157 (D) 
E150 (Data), E151, £154, £155, E156, E158 


(Data), E158 (SEL), E160, E163, E166, 
E167, E171, £193, E241, £256, £336, E337 


ECLinPS Lite 


ELO1, EL12, EL31, EL32(R), EL33 (A), ELO5, EL11, EL16, EL32 (CLK), EL33 (CLK), 
EL35, EL51 (D, R) EL51 (CLK), EL52, EL89 








Multiple Output Cell 25Q Bus Outputs 2x Current Output 


ECLinPS 
E112, E212 E336, E337 E195, £196, E211, £404, £457 


zal ae 


EL12* 
3x Current Output Standard Output 
E416 All Others 


* These ECLinPS Lite device’s inputs feed directly into the output buffer. 















ELO1, ELO4*, ELO5, ELO7*, EL11, EL16, 
EL31, EL32, EL33, EL35, EL51, EL52, 
EL58*, EL89 


SPICE Transistor Model Parameters 


“** 1.75u x 4.0u emitter 
«MODEL TN4 NPN 
+ (IS=5.27E-18 BF=120 NF=1 VAF=30 IKF=6.48mA 


+ ISE=2.75E-16 BR=10 NE=2 VAR=5 IKR=567uA 

+ IRB=8.1uA RB= 461.6 RBM= 142.5 RE= 21.6 RC= 83.1 

+ CJE=19.9fF VJE=.9 MJE=.4 XTB= 0.73 

+ CJC=25.1fF VJC=.67 MJC= .32 XCJC= .3 

+ CJS= 49.6fF VJS=.6 MJS=.4 FC=.9 

+ TF=8psS TR=inS XTF=10 VTF=1.4V ITF=17.0mA 

+ ISC=O EG=1.11 XTl=4.0 PTF=0 KF=0 AF=1 NR=1 NC=2)* 


**** 1.75u x 4.75u emitter 

«MODEL TN4P75 NPN 

+ (1S=6.50E-18 BF=120 NF=1 VAF=30 IKF=8.0mA 
ISE= 3.40E-16 BR=10 NE=2 VAR=5 IKR=700uA 


+ 


+ IRB=10uA RB=378.5 RBM= 120 RE= 17.5 RC= 74.0 

+ CJE=23.6fF VJE=.9 MJE=.4 XTB= 0.73 

+ CJC=27.4fF VJC=.67 MJC= .32 XCJC= .3 

+ CJS=53.8fF VJS=.6 MJS=.4 FC= .9 

+ TF=8psS TR=1nS XTF=10 VTF=1.4V ITF=21.0mA 

+ ISC=0 EG=1.11 XTl=4.0 PTF=0 KF=0 AF=1 NR=1 NC=2) 
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SPICE Transistor Model Parameters (cont.) 


**** 1,.75u x 6.0u emitter 

.MODEL TN6 NPN 

+ (IS=8.56E-18 BF=120 NF=1 VAF=30 IKF=10.5mA 

+ ISE=4.48E-16 BR=10 NE=2 VAR=5 IKR=922uA 

+ IRB=13.2uA RB=291.4 RBM=95.0 RE= 13.3 RC= 62.7 


+ CJE=29.9fF VJE=.9 MJE=.4 XTB= 0.73 

+ CJC=31.2fF VJC=.67 MJC= .32 XCJC= .3 

+ CJS=60.9fF VJS=.6 MJS=.4 FC= .9 

+ TF=8pS TR=1nS XTF=10 VTF=1.4V ITF=27.6mA 

+ ISC=0 EG=1.11 XTl=4.0 PTF=0 KF=0 AF=1 NR=1 NC=2) 


**** 4.75u x 13.5u emitter 

MODEL TN13P5 NPN 

+ (IS=2.09E-17 BF=120 NF=1 VAF=30 IKF=25.7mA 
+ ISE=1.09E-15 BR=10 NE=2 VAR=5 _  IKR=2.25mA 


IRB=32.2uA) = =RB= 122.6 RBM= 42.2 RE=5.44 RC= 32.8 
CJE=67.4fF VJE=.9 MJE=.4 XTB= 0.73 

CJC= 53.8fF VJC=.67 MJC= .32 XCJC= .3 

CJS= 103fF VJS=.6 MJS=.4 FC= .9 


TF= 8pS TR=1nS XTF=10 VTF=1.4V ITF=67.5mA 
ISC=O EG=1.11 XTl=4.0 PTF=0 KF=0 AF=1 NR=1 NC=2) 


*tt tt 4+ 


****ECLinPS Lite ESD Diodes 

MODEL CBVCC D 

+ (IS= 1,00E-15 CJO= 527fF Vj= 0.545 M= 0.32 BV= 14.5 IBV=0.1E-6 
+ XTl=5 TT=1nS) 


.MODEL CBSUB D 
+ (IS= 1.00E-15 CJO= 453fF TT= 1nS) 


**** Output Emitter Follower 

-MODEL TNECLIPS NPN 

+(IS=2.27E-16 BF=120 NF=1 VAF=30 IKF=279mA 
+ ISE=1.19E-14 BR=10 NE=2 VAR=5 IKR=24.4mA 


TF= 8pS TR=1nS XTF=10 VTF=1.4V ITF=733mA 
ISC=0 EG=1.11 XTl=4.0 PTF=0 KF=0 AF=1 NR=1 NC=2) 


+ IRB=349uA RB= 15.98 RBM= 4.17 RE=.501 RC= 11.1 
+ CJE=611fF VJE=.9 MJE=.4 XTB= 0.73 

+ CJC=440fF VJC=.67 MJC=.32 XCJC= .3 

+ CJS=668fF VJS=.6 MJS=.4 FC= .9 

+ 

+ 
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Application Note 


Metastability and the 
ECLinPS™ Family 


Prepared by 

Rennie Wm. Dover 

Todd Pearson 

ECLinPS Applications Engineering 


This application note examines the concept of metastability 
and provides a theoretical discussion of how it occurs, 
including examples of the metastable condition. An equation 
characterizing metastability and a test circuit derived from 
that equation are presented. Metastability results are then 
applied to the ECLinPS family. 


ECLinPS Is a trademark of Motorola, !nc. 
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Metastability and the ECLINPS Family 


Introduction 


Metastability is a central issue anytime a designer wishes to 
synchronize two or more asynchronous signals. A popular 
method for accomplishing this task is to employ a D flip-flop as 
the synchronizing element (Figure 1). 


As shown in Figure 1, synchronization can be 
accomplished using a single D flip-flop; more typically, several 
D flip-flops are cascaded to provide synchronization while 
reducing the probability of a metastable or “anomalous” state 
occurring at the input of System 2. Unfortunately the 
information at the data and clock inputs of flip-flops used as 
synchronizing elements is asynchronous by nature, thus the 
manufacturer specifications for set-up and hold times may not 
be observed. A series of timing diagrams is shown in Figure 2 
demonstrating three possible timing relationships between 
the data and clock signals; to the right of each data trace is the 
corresponding output waveform. In the first case the data 
adheres to the specified set-up and hold times, hence the 
output attains the proper state. In case 2 the set-up time is 
violated such that the output of the D flip-flop does not change 











SYSTEM 1 


SYSTEM 1 
OUTPUT 





SYSTEM 1 
CLOCK 


SYSTEM 2 
CLOCK 


SYSTEM 1 





SYSTEM 1 


SYSTEM 1 OUTPUT 


CLOCK 


SYSTEM 2 
CLOCK 





DATA 


D-FLIP FLOP 


state. Case 3 represents a violation of the set-up and hold 
times whereby the D flip-flop enters a metastable state. The 
resolving time for a flip-flop in this metastable state is 
indeterminate. Further, the final settling state of the flip-flop 
having been in this metastable condition cannot be 
guaranteed. 


Metastability Theory 


A bistable device such as a flip-flop has two stable output 
states: the “1” or high state and the “O” or low state. When the 
manufacturers specified set-up and hold times are observed 
the flip-flop will achieve the proper output state (Figure 3). 
However if the set-up and hold times are violated the device 
may enter a metastable state, thereby increasing the 
propagation delay, as indicated by the output response shown 
in Figure 4. 


To better understand flip-flop metastability, the operation of 
a typical ECLinPS D flip-flop is reviewed. The schematic of a 
D flip-flop is shown in Figure 5. 











DATA Q SYSTEM 2 INPUT 


D-FLIP FLOP 
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Figure 1. Clock Synchronization Schemes 
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Figure 2. Timing Relationships Between Data 
and Clock Signals for a D Flip-Flop 
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Figure 3. Typical Flip-Flop Output Response 
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CH. 3 = 150.0 mV/DIV 
START = 30 8500 NS 


STOP = 31.5600 NS 


TIMEBASE = 500 PS/DIV 
DELTA T = 7100 PS 


Figure 4. Metastable Flip-Flop Output Response 


The flip-flop shown in Figure 5 can be divided into two 
functional blocks: Master latch and Slave latch. Under optimal 
operating conditions the clock is low when data arrives at the 
input to the master latch; after the specified set-up time the 
clock input is raised to a high level, and the data is latched. 
When the clock signal goes to the low state, the slave portion 
of the circuit becomes transparent and transfers the latched 
data to the output. Changes at the input will have no affect on 
the output when the “slave latch” is transparent. 


The master and slave latches each consist of two 
subsections: Data and Regenerative (Figure 5). Since the 
master latch accepts signals from external sources it is the 
section most susceptible to metastability problems. When the 
clock signal goes to a high state the current in the master latch 
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clock differential pair switches from the regenerative to the 
data side. If the set-up and hold times are observed the circuit 
will function properly. However, if the data and clock signals 
change such that the set-up and hold times are violated, the 
data differential pair, the regenerative differential pair and the 
clock differential pair for the master will share the same switch 
current. In addition there will not be enough current to charge 
and discharge the transistor parasitic capacitances, creating 
an RC feedback loop via the collector nodes of the data and 
regenerative differential pairs. Thus the master latch enters a 
metastable state which appears at the output since the slave 
latch is transparent under these conditions. Theoretically, 
there is no upper bound on the length of time this metastable 
state can last, although in practice circuits eventually do leave 
the metastable region. 
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Metastable Equations 


Flip-flop propagation delay as a function of the input signal 
is represented in Figure 6. 


> 
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Figure 6. Flip-Flop Response Time Plot 


The ordinate is the flip-flop propagation delay time, and the 
abscissa is the time that data arrives at the flip-flop input 
relative to reference time, To. For devices with positive set-up 
times To represents the clock transition time with the 
difference between Tgand Tax beingthe minimumallowable 
set-up time. Thus data arriving before time Tax will elicit a 
nominal propagation delay, Tp, when clocked. For data 
appearing between times TjmAx and TF the propagation delay 
will be tonger than Tp because the set-up and/or hold times 
have been violated; and the device enters the metastable 


DATA SIGNAL 


CLOCK SIGNAL 





TMAX 


Figure 7a. Proper Set-Up and Hold Times 
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state. Data occurring at the input after time TF will have no 
affect on the output, hence the output does not change and the 
propagation delay is defined as zero. 


For devices with zero or negative set-up times the same 
response plot applies, however the abscissa is shifted such 
that the value of TO is no longer the clock transition time. The 
same concepts are valid for derivation of metastability 
equations for each case: positive, negative or zero set-up and 
hold times. To clarify the flip-flop response plot, Figure 7a 
illustrates a case in which the propagation delay is Tp. Data 
arrives at time Tg, allowing the proper set-up time prior to a 
clock transition and is maintained at this level for the specified 
hold time. Figure 7b is an example in which the propagation 
delay is longer than Tp since the data arrives at time Ta, 
violating the set-up time. 

Using the response plot in Figure 6, Stoll! developed the 
concept of a failure window to facilitate the characterization of 
metastability. The value of Tyy(Tp) is the width of the window 
for which a propagation delay of time duration Tp occurs, and 
is the range of data input times relative to the clock input for 
which a failure will occur. The value of Tp is the maximum 
allowable propagation delay; delays longer than Tp constitute 
a failure. The failure window is described mathematically as: 


Tw(Tp) = Tp*10-(At)/t (eqt 1) 


Where: Tyw(Tp) Failure Window Width 


Tp Nominal Propagation Delay 
Tp Delay After Clock That 
Constitutes a Failure 
t Flip-Flop Resolution Time Constant 
At Excess Delay (Tp — Tp) 
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Figure 7b. Violation of Set-Up and Hold Times 
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This equation only applies for narrow window widths i.e. 
those times well up on the response plot of Figure 6. 


To summarize, when the set-up and hold times are obeyed 
the flip-flop will have a nominal propagation delay, Tp. If the 
data and clock signals arrive such that the set-up and hold 
times are violated there will be an excess delay as indicated in 
the response plot of Figure 6. This excess delay is caused by 
the flip-flop entering the metastable region. For data signals 
arriving much fater than the clock signal the flip-flop will not 
change state, thus the propagation delay is zero by definition. 
The window width is the range of input arrival times relative to 
the clock for which the output response does not attain a 
defined value within the time period Tp. Since Tp represents 
the maximum allowable delay, the window width represents 
the relative range of input times for which a failure will occur. 


Equation 1 can be combined with the industry accepted 
definition for system level Mean Time Between Failures (eat. 
2)2 to derive an equation yielding Mean Time Between 
Failures as a function of system design and semiconductor 
device parameters. 


MTBF = 1/(2*fc*fp*Tw(Tp)) (eqt 2) 
Where: fo Clock Frequency 

fp Data Frequency 
MTBF = 1/(2*fc*fp*Tp*10-(at)/2) (eat 3) 


The system’s designer can use Equation 3 to address the 
issue of metastability. t and Tp are provided in the ECLinPS 
Data Book (DL140/D). MTBF, fc and fg are system design 
parameters. Thus the designer can use this equation to 
determine the value of Tp. 
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Test Circuitry For Metastable Evaluation 


Equation 3 provides the impetus for the design of a 
metastability test circuit capable of providing a value of t, the 
flip-flop resolution time constant. Transforming this equation 
into a “linear” form by taking the logarithm of both sides yields 
Equation 4: 


log MTBF =-log (2*fc*fp*Tp) + At/t (eqt 4) 


Plotting log MTBF versus At yields a line with slope 1/t, and 
log MTBF intercept of —log(2*fo*fg*Tp). Thus, the test circuit 
must accept the clock and data input frequencies as a function 
of At and yield MTBF as an output. The circuit configuration 
shown in Figure 8 fulfills these criteria. 


The test circuitry can be categorized into five functional 
blocks: DUT, adjustable delay portion, comparator section, 
counter-—set circuitry, and the counter. Starting with the 
comparator portion of the circuit, the output of the DUT is fed 
into the comparator; if the DUT output falls in the range VaB — 
0.15 volts < Vep < VBp + 0.15 volts, the DUT is defined as 
being in a metastable condition(Fig. 9). 


For DUT output states in the metastable region the 
comparator output attains a logic high level. When the DUT 
output does not fall within this range it is in a “defined high or 
low level,” and the output of the comparator will be at a logic 
low level. If the comparator output is at a logic high level, 
indicating metastability, the counter—set section sends out a 
periodic waveform which increments the counter. If the DUT is 
not metastable the output of the “counter-set” circuitry is 
constant and the counter (HP—8335A) is not incremented. The 
total number of counts over a specified time period is a 
measure of MTBF. 
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Figure 8. Metastability Test Circuit 
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Pulse generator #1 (PG 1) supplies the data signal to the 
DUT. To ensure asynchronous signals between the DUT data 
and clock signals, a separate pulse generator, PG2, provides 
the clock signal to the DUT. Generator PG2 also provides the 
clocking signal to the comparator circuitry via its inverting 
output terminal. Pulse generator PG3 supplies the clock 
signals to the E451 portion of the comparator section. To 
increase the probability of the DUT entering the metastable 
state the DUT data frequency is set at 1.33 times the DUT 
clock frequency. The value of At is the delay between the 
noninverting clock signals for the DUT and the E451. Finally, 
the inverting terminal of PG2 supplies the clock signal for the 
counter-set circuitry. 


Vou 


Vpp + 0.15 VOLTS = VHMETA 


VeB 


Vpp - 0.15 VOLTS = ViMeTA 


DUT OUTPUT LEVEL (VOLTS) 


VOL 





Figure 9. Output Response Defining the 
Metastable Region 


To take advantage of the precision 50Q input impedance of 
the test measurement equipment, the circuit power supplies 
are shifted by +2.0 volts. Thus all input signals, bias voltages, 
and comparator values have been shifted by +2.0 volts as 
shown in Table 1. 


Table 1. ECL Levels After Translating by +2.0V 


Typical (V) Shifted (V) 
Parameter 10E 100E 10E 100E 


veo | 000 [coo [ +200 [200 


Results 
















An example of using alog MTBF versus At plot to determine 
t is shown in Figure 10. 
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Figure 10. Plot of Log MTBF versus Delay 


From Equation 4 the slope of the line is the reciprocal of t. 
Measurements similar to these were performed to 
characterize the ECLinPS family as well as D flip-flops from 
various vendors. The results are shown in Table 2: 


Table 1. t Values for Several Flip-Flops 
Device Type 
Motorola 10E431 
Motorola 10E151 
Motorola 10E131 
Motorola 10H131 
Signetics 100131 
Signetics 100151 
National 100131 


125 psec 


185 psec 
200 psec 





Having determined the value of 1, the system designer can 
use this information in conjunction with Equation 3 to aid in 
optimizing the system design. 


Example 


As an example, assume the system configuration shown in 
Figure 11, in which the output from System 1 ts to be 
synchronized to System 2 using a 10E151 D flip-flop. 


Further, the equivalent output signal for System 1 is 75 MHz 
whereas the clock frequency for System 2, as well as the 
synchronizing element, is 100 MHz. Under these conditions 
the data and clock inputs to the D flip-flop are asynchronous 
and the system designer must consider the possibility of the D 
flip-flop entering the metastable state. Therefore the system 
designer must determine how long the flip-flop will remain in 
the metastable region in order to decide when the data at the 
output of the flip-flop will attain a defined state and can be 
clocked into System 2. 
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The solution to this dilemma is found with Equation 3: 
MTBF = 1/(2*fc*fp*Tp*10-(At)/t) 

The values for fc and fd were specified as 100 MHz and 75 
MHz, respectively. Assuming the D flip-flop is a Motorola 
10E151, a worse case value of propagation delay (Tp) of 800 
psec is obtained from the ECLinPS Device Data Book. The 


value of t is given in Table 2 as 185 psec. Substituting these 
values into Equation 3 yields: 


MTBF = 1/(2*fc*fp*Tp*10~(At/185 psec)) 


At this point the system designer must specify an 
acceptable MTBF. For this example an MTBF of 5 years is 
assumed. Therefore the value of At is calculated to be 


At = 2.83 nsec 
From the relationship 
At=Tp-Tp 


the value of Tp is calculated to be 













Tp = 3.63 nsec 
SYSTEM 1 


100 MHz 


systeM2 _JLEL 


CLOCK 


Thus for an MTBF of 5 years the designer should delay the 
clocking of the data from the output of the flip-flop into System 
2 by 3.63 nsec. 


Conclusion 


Metastability has become a critical issue with system 
designers. In order to better serve our customers, Motorola 
has characterized the ECLinPS family for metastability using 
the concept of a failure window. The nominal flip-flop 
resolution time constant for the ECLinPS family, excluding the 
E131 and E431 devices as these flip-flops use alternative 
architectures, has been determined to be 185 psec. The 
resolution time constant for the E131 and E431 devices is 200 
psec and 125 psec, respectively. Thus the system designer 
can use the value of t in conjunction with Equation 3 to 
determine the metastable induced excess delay for a 
specified MTBF. Although this application note does not 
present a method for avoiding metastability, it does provide a 
means for the designer to quantitatively incorporate 
metastability in their designs. 
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» (216)391-9330 


(614)794-3301 


(614)431-0809 
(614)794-3301 


Dayton 
Future Electronics ..... 


Newark. . 

Time Electronics 
Mayfield Heights 

Future Electronics ......... 
Solon 

Arrow/Schweber Electronics 

Hamilton Hallmark .. 
Worthington 

Hamilton Halimark 


OKLAHOMA 
Tulsa 

Hamilton Hallmark 

Newark ... 


OREGON 
Beaverton 
Arrow/Almac Electronics Corp. 
Future Electronics ..... . . 
Wyle Laboratories ......... 
Hamilton Hallmark .... 
Portland 
Newark ...... ......6. 
Time Electronics ... .... 


PENNSYLVANIA 
King of Prussia 
Newark 
Montgomeryville 
Richardson Electronics . 
Philadelphia 
Time Electronics ... 


Pittsburgh 
Arrow/Schweber Electronics . 


Newark . ak 2 
Time Electronics ... .... . 


TENNESSEE 
Franklin 
Richardson Electronics 


Knoxville 
Newark .. 


TEXAS 
Austin 
Arrow/Schweber Electronics . 
Future Electronics . . 
Hamilton Hallmark 
Newark ...... é 
Time Electronics . te 
Wyle Laboratories ....... 
Carollton 
Arrow/Schweber Electronics . 
Dallas 
Future Electronics ......... 
Hamilton Hallmark ...... 
Richardson Electronics . 
Time Electronics .. ... ... 
Wyle Laboratories . . 
Ft. Worth 
Allied Electronics .... 


Houston 
Arrow/Schweber Electronics 


Hamilton Hallmark ...... 
Newark .... ...... 

Time Electronics . ........ 
Wyle Laboratories. ....... 


Richardson 
Newark ...... 


UTAH 
Salt Lake City 
Arrow/Schweber Electronics . 
Future Electronics 
Hamilton Hallmark . 
Newark .... 


West Valley City 
Time Electronics ....... .. 


. (513)439-5700 
. (513)294-8980 


(614)794-3301 
(216)449-6996 


(216)248-3990 


... (216)498-1100 


(614)888-3313 


(918)254-6110 


. (918)252-5070 


(503)629-8090 
(503)645-9454 
(503)643-7900 
(503)526-6200 


. (503)297-1984 
. (503)626-2979 


(215)265-0933 


(215)628-0805 


. (609)596-6700 


(412)963-6807 


... (412)788-4790 


(614)794-3301 


(615)791-4900 


. (615)588-6493 


(512)835-4180 


. (512)502-0991 


(512)258-8848 
(512)338-0287 


. (612)346-7346 


(512)345-8853 
(214)380-6464 


(214)437-2437 
(214)553-4300 


. (214)239-3680 


(214)644-4644 
(214)235-9953 


. (817)336-5401 


. (713)530-4700 
Future Electronics. ........ 
. (713)781-6100 


(713)785-1155 


(713)270-4800 
(713)530-0800 
(713)879-9953 


(214)235-1998 


(801)973-6913 
(801)467-4448 
(801)266-2022 


. (801)261-5660 


(801)973-8494 
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Wyle Laboratories .. 


WASHINGTON 


Bellevue 
Almac Electronics Corp 


Newark 

Richardson Electronic: 
Bothell 

Future Electronics ... . 
Redmond 

Hamilton Hallmark 

Time Electronics 

Wyle Laboratories ... 


Spokane 
Arrow/Almac Electronics Corp 


WISCONSIN 


Brookfield 
Arrow/Schweber Electronics . 


Future Electronics .... 


Milwaukee 
Time Electronics 

New Berlin 
Hamilton Hallmark ... 


Wauwatosa 
Newark . 


CANADA 


ALBERTA 

Calgary 
Electro Sonic Inc. . 
Future Electronics ..... : 
Hamilton Hallmark .. 

Edmonton 
Future Electronics... ... 
Hamilton Hallmark 


BRITISH COLUMBIA 


Vancouver 
Arrow Electronics 


Electro Sonic Inc. 
Future Electronics ........ 
Hamilton Hallmark ... 
Newark ......... 


MANITOBA 
Winnipeg 
Electro Sonic Inc 
Future Electronics .. 
Hamilton Hallmark 


ONTARIO 


Ottawa 
Arrow Electronics 


Electro Sonic Inc. 
Future Electronics 
Hamilton/Avnet Electronics 
Toronto 
Arrow Electronics .. ..... 
Electro Sonic Inc. . ..... 
Future Electronics .... 
Hamilton Hallmark . 
Newark ees 
Richardson Electronics 


QUEBEC 


Montreal 
Arrow Electronics .... 


Future Electronics .. 
Hamilton Hallmark 

Newark ..... «1.5. ra 
Richardson Electronics ... 


Quebec City 
Future Electronics 


. (801)974-9953 


. (206)643-9992 


(206)641-9800 


. (206)646-7224 


. (206)489-3400 


(206)881-6697 
(206)820-1525 


.. (206)881-1150 


(509)924-9500 


(414)792-0150 
(414)879-0244 


(708)303-3000 
(414)797-7844 


(414)453-9100 


(403)255-9550 
(403)250-5550 


. (800)663-5500 


(403)438-2858 
(800)663-5500 


- (604)421-2333 


(604)273-2911 


. (604)294-1166 
. (604)420-4101 


(800)463-9275 


(204)783-3105 
(204)944-1446 


. (800)663-5500 


(613)226-6903 


. (613)728-8333 


(613)820-8313 


. (613)226-1700 


(416)670-7769 
(416)494-1666 
(416)612-9200 


. (905)564-6060 


(800)463-9275 
(800)348-5530 


.. (514)421-7411 
. (514)694-7710 


(514)335-1000 
(800)463-9275 
(800)348-5530 


. (418)877-6666 





UNITED STATES 
ALABAMA, Huntsville .... (205)464-6800 
ARIZONA, Tempe ........ (602)897-5056 


CALIFORNIA, Agoura Hills . (818)706-1929 
CALIFORNIA, Los Angeles (310)417-8848 
CALIFORNIA, Irvine ...... (714)753-7360 
CALIFORNIA, Roseville ... (916)922-7152 
CALIFORNIA, San Diego .. (619)541-2163 
CALIFORNIA, Sunnyvale .. (408)749-0510 


COLORADO, 

Colorado Springs ........ (719)599-7497 
COLORADO, Denver ..... (303)337-3434 
CONNECTICUT, 

Wallingford ............. (203)949-4100 
FLORIDA, Maitland....... (407)628-2636 
FLORIDA, Pompano Beach/ 

Ft. Lauderdale .......... (305)351-6040 
FLORIDA, Clearwater .... (813)538-7750 
GEORGIA, Atlanta ....... (404)729-7100 
IDAHO, Boise............ (208)323-9413 
ILLINOIS, Chicago/ 

Hoffman Estates ........ (708)419-2500 


INDIANA, Fort Wayne .... 
INDIANA, Indianapolis ... 


(219)436-5818 
. (317)571-0400 


INDIANA, Kokomo ....... (317)455-5100 
IOWA, Cedar Rapids ..... (319)378-0383 
KANSAS, Kansas City/ 

Mission .............40. (913)451-8555 
MARYLAND, Columbia ... (410)381-1570 
MASSACHUSETTS, 

Marlborough ............ (508)481-8100 
MASSACHUSETTS, 

Woburn .......--..00e0e (617)932-9700 
MICHIGAN, Detroit ....... (313)347-6800 
MINNESOTA, Minnetonka .. (612)932-1500 
MISSOURI, St. Louis ..... (314)275-7380 
NEW JERSEY, Fairfield ... (201)808-2400 
NEW YORK, Fairport ..... (716)425-4000 
NEW YORK, Hauppauge .. (516)361-7000 
NEW YORK, Poughkeepsie/ 

Fishkill .............04. (914)896-0511 
NORTH CAROLINA, 

Raleigh .............00. (919)870-4355 
OHIO, Cleveland ......... (216)349-3100 
OHIO, Columbus/ 

Worthington ............ (614)431-8492 
OHIO, Dayton............ (513)495-6800 
OKLAHOMA, Tulsa ...... (800)544-9496 
OREGON, Portland....... (503)641-3681 


SALES OFFICES 


PENNSYLVANIA, Colmar .. (215)997-1020 
Philadelphia/Horsham ... (215)957-4100 
TENNESSEE, Knoxville ... (615)690-5593 


TEXAS, Austin ........... (512)873-2000 
TEXAS, Houston ......... (800)343-2692 
TEXAS, Plano ........... (214)516-5100 
VIRGINIA, Richmond ..... (804)285-2100 
WASHINGTON, Bellevue .. (206)454-4160 

Seattle Access ......... (206)622-9960 
WISCONSIN, Milwaukee/ 

Brookfield .... ......... (414)792-0122 


Field Applications Engineering Available 
Through All Sales Offices 


CANADA 
BRITISH COLUMBIA, 

Vancouver .........2.60. (604)293-7650 
ONTARIO, Toronto ....... (416)497-8181 
ONTARIO, Ottawa........ (613)226-3491 
QUEBEC, Montreal....... (514)333-3300 
INTERNATIONAL 
AUSTRALIA, Melbourne .. (61-3)887-0711 
AUSTRALIA, Sydney ..... 61(2)906-3855 
BRAZIL, Sao Paulo ..... 55(11)815-4200 
CHINA, Beijing ............. 86-505-2180 
FINLAND, Helsinki ..... 358-0-351 61191 

car phone .............. 358(49)211501 


FRANCE, Pans/Vanves ... 33(1)40 955 900 
GERMANY, Langenhagen/ 


Hannover ........... .. 49(511)789911 
GERMANY, Munich....... 49 89 92103-0 
GERMANY, Nurenberg ... 49 911 64-3044 


GERMANY, Sindelfingen . . 
GERMANY, Wiesbaden .. 
HONG KONG, Kwai Fong 


49 7031 69 910 
. 49611 761921 
.. 852-489-1111 


TARP OS iw ciiheceviete Aan visions 852-6668333 
INDIA, Bangalore ....... (91-812)627094 
ISRAEL, Tel Aviv ........ 972(3)753-8222 
ITALY, Milan ................ 39(2)82201 
JAPAN, Atsugi .......... 81-462-23-0761 
JAPAN, Gotanda........ 81-3-5487-8448 
JAPAN, Kumagaya ...... 81-485-26-2600 
JAPAN, Kyushu ...... .. 81-92-771-4212 
JAPAN, Nagoya ........ 81-52-232-1621 
JAPAN, Osaka.......... 81-06-305-1801 
JAPAN, Sendai ......... 81-22-268-4333 
JAPAN, Tachikawa ..... 81(0425)23-6700 
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JAPAN, Takamatsu .... 
JAPAN, Tokyo ........... 


81-878-37-9972 
(03)587-8311 


JAPAN, Yokohama ...... 81-45-472-2751 
KOREA, Pusan ..... ... 82(51)4635-035 
KOREA, Seoul........ .. 82(2)554-5118 
MALAYSIA, Penang ........ 60(4)374514 
MEXICO, Mexico City ..... 52(5)282-0230 
MEXICO, Guadalajara .... 52(36)21-8977 

Marketing .............. 52(36)21-2023 

Customer Service... ... 52(36)669-9160 


NETHERLANDS, Best ... (31)4998 612 11 
PUERTO RICO, San Juan . (809)793-2170 


SINGAPORE .............. (65)2945438 
SPAIN, Madrid ........... 34(1)457-8204 

OF ss accidents atauoeeoe deen 34(1)457-8254 
SWEDEN, Solna ......... 46(8)734-8800 


SWITZERLAND, Geneva . 41(22)799 11 11 
SWITZERLAND, Zurich ... 41(1)730-4074 


TAIWAN, Taipei ......... 886(2)717-7089 
THAILAND, Bangkok ..... 66(2)254-4910 
UNITED KINGDOM, 

Aylesbury .............. 44(296)395-252 


FULL LINE REPRESENTATIVES 


CALIFORNIA, Loomis 

Galena Technology Group . (916)652-0268 
COLORADO, Grand Junction 

Cheryl Lee Whitely . « (303)243-9658 
KANSAS, Wichita 

Melinda Shores/ 


Kelly Greiving .......... (316)838-0190 
NEVADA, Reno 
Galena Tech Group ..... (702)746-0642 


NEW MEXICO, Albuquerque 

S&S Technologies, Inc .. (505)298-7177 
UTAH, Salt Lake City 

Utah Comp. Sales, Inc. ... (801)561-5099 
WASHINGTON, Spokane 

Doug Kenley ........... (509)924-2322 
ARGENTINA, Buenos Aires 

Argonics, S.A. .......... (541)343-1787 


HYBRID/MCM COMPONENT 
SUPPLIERS 


Chip Supply ........ .... (407)298-7100 
Elmo Semiconductor ...... (818)768-7400 
Minco Technology Labs Inc. (512)834-2022 
Semi Dice Inc. ........... (310)594-4631 





1 | General Information 


ECLinPS Family Specifications 
& Device Data Sheets 


ECLinPS Lite Family Specifica- 
tions & Device Data Sheets 


Design Guide & 
Application Notes 
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High Performance ECL Data 
ECLinPS and ECLinPS Lite 


Logic Integrated Circuits Division . 


ikon rela rot hy\ 


UiteratUreiDistribution|Genters, 

USA Meme WiTaWe Detiniion PO For A Aiwa Aira Caw 

GUROAS MAMA LG), GucpEanlieue Cente 88 Tamas Biv FEATS MitenKayraS MSE Gigi) 

JAPAN NERO, 322 1 NEMGwENEE SaMEGAVEe Toyo iit IETET 

ABSIMANCIAG Wawa Sanicenclaersitis lit), Scant Canter Wo 2 Denia Sie. Ten Ro lacwsiEasene 
an OSN ELM ODOINOOG) . 
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